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Sedimentary  Relationships  of  Portland  Point 
And  Associated  Middle  Devonian  Rocks 
In  Central  and  Western  New  York 


by  Gordon  C.  Baird 

Field  Museum  of  Natural  History 
Chicago,  Illinois 

Abstract 

The  thin,  calcareous  Portland  Point  Member  (basal 
Moscow  Formation,  Hamilton  Group)  in  the  Middle 
Devonian  of  central  New  York  is  a  greatly  condensed 
equivalent  of  a  thick  clastic  marine  sequence  west  of 
the  type  section.  Eastward  pinch-out  of  two  shales 
(Deep  Run  Member  and  lower  Kashong  Member) 
across  the  Seneca  and  Cayuga  Valleys  results  in  con¬ 
formable  juxtaposition  of  three  units  (Tichenor  caleare- 
nite,  Menteth-Deep  Run  equivalent  limestone,  and  a 
prominent  shell  bed)  to  produce  the  type  Portland 
Point.  The  Tichenor  Member  is  equivalent  to  and  con¬ 
tinuous  with  the  basal  bed  of  the  Portland  Point.  The 
base  of  both  Tichenor  and  Portland  Point  marks  a  re¬ 
gional  paraconformity  traceable  from  Lake  Erie  to 
east-central  New  York. 

Upper  Ludlowville  and  lower  Moscow  rocks  thin 
westward  and  show  increases  in  hiatal  intervals  across 
western  New  York.  Westward  pinch-out  of  the  Deep 


Run  Shale,  due  to  nondeposition,  results  in  juxtaposi¬ 
tion  of  Tichenor  and  Menteth-Deep  Run  equivalent 
carbonates  in  Erie  County.  The  Kashong  Shale 
Member  thins  across  Genesee  County  and  disappears 
westward  in  Erie  County  due  to  erosional  overstep  by 
the  Windom  Member.  Calcareous  shales  of  the  upper 
Wanakah  Member  (Ludlowville  Formation)  disappear 
westward  through  erosional  overstep  by  the  Tichenor. 

These  observations  lead  to  several  proposed  changes 
of  existing  stratigraphic  terminology  including:  redefi¬ 
nition  of  the  Portland  Point  Member  to  include  only 
Tichenor,  Deep  Run-Menteth  equivalent  carbonates  at 
and  east  of  the  Portland  Point  type  section;  inclusion 
of  Deep  Run  and  Tichenor  Members  within  Moscow 
Formation;  erection  of  new  unit  (Jaycox  Shale 
Member)  to  include  upper  Wanakah  calcareous  shales 
which  are  lithologically  and  faunally  distinct  from  typi¬ 
cal  Wanakah. 
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Introduction 


The  Middle  Devonian  Hamilton  Group  of  New  York 
State  is  a  major  reference  section  for  Devonian  paleon- 
tologic  and  stratigraphic  studies.  It  is  a  standard  for 
Middle  Devonian  biostratigraphy  and  many  Midwest¬ 
ern  and  Appalachian  rock  units  have  been  correlated 
with  component  Hamilton  Group  divisions.  This  se¬ 
quence  was  a  major  source  of  fossil  material  described 
by  James  Hall  in  his  classic  studies  of  North  American 
paleontology,  and  it  has  been  studied  subsequently  by 
numerous  paleontologists,  stratigraphers,  and  sedimen- 
tologists.  Recent  discovery,  by  this  author,  of  several 
hitherto  unrecognized  sedimentary  relationships  in  the 
upper  Hamilton  is  thus  believed  significant  and  these 
are  described  here. 

Middle  Devonian  marine  strata  were  examined  and 
mapped  by  the  author  as  part  of  an  ongoing  regional 
paleontologic  and  paleoecologic  study  of  the  upper 
Hamilton  Group.  Thin  carbonate  units,  omission  hori¬ 
zons,  concretionary  beds,  and  faunal  marker  zones 
proved  valuable  in  refining  correlations.  This  work 
leads  to  further  subdivision  of  Hamilton  rock  units  and 


to  a  general  reappraisal  of  parts  of  existing  Hamilton 
stratigraphy.  More  importantly,  these  features  reveal 
important  regional  sedimentary  trends  and  patterns  of 
differential  sedimentation. 

A  review  of  terms  is  needed  here.  A  condensed  se¬ 
quence  as  reviewed  by  Jenkyns  (1971)  is  one  that  is 
considerably  reduced  in  thickness  relative  to  equiva¬ 
lent  deposits  due  to  minimal  net  sedimentation.  He 
cited  examples  of  thin  carbonate  beds  in  the  tethyan 
Jurassic  containing  aggregate  accumulations  of  ammo¬ 
nites  from  several  zones.  The  degraded  character  of 
these  fossils  and  evidence  of  repeated  burial  and 
exhumation  point  to  very  slow  sedimentation  alternat¬ 
ing  with  minor  erosion. 

Paraconformities  ( sensu  Newell,  1967)  are  breaks 
which  need  not  necessarily  show  erosional  evidence 
but  can  be  based  largely  on  discontinuities  in  the 
faunal  sequence.  Such  breaks  are  often  the  result  of 
erosion  but  evidence  of  this  erosion  may  be  incon¬ 
spicuous  or  absent. 
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Geologic  Setting 


The  Middle  Devonian  Hamilton  Group  is  a  se¬ 
quence  of  predominantly  clastic  rocks  which  were 
largely  deposited  in  marine  and  nearshore  marine  set¬ 
tings.  These  southward-dipping  rocks  are  distributed 
along  an  east-west  outcrop  which  extends  from  Lake 
Erie  to  the  Catskill  Front.  This  sequence  expands 
eastward  from  260  feet  (79  m)  of  marine  sediments  at 
the  Lake  Erie  shore  in  western  New  York  to  approxi¬ 
mately  3,000  feet  (914  in)  of  nearshore  marine  and 
nonmarine  deposits  at  the  Catskill  Front  where  it 
forms  part  of  the  Catskill  delta  complex.  The  Hamilton 


.in  east-central  and  eastern  New  York  is  composed  of 
sandstones,  siltstones,  and  silty  shales.  These  rocks 
grade  westward  into  thinner  sequences  of  fossiliferous, 
clay-rich  grey  shales,  thin  limestones,  and  dark  shales. 
The  upper  half  of  the  Hamilton  Group  (Ludlowville 
and  Moscow  Formations)  was  examined  from  central 
New  York  to  Lake  Erie  (Figures  la  and  b),  and  the 
base  of  the  Moscow  Formation  was  examined  in  detail 
from  Lake  Erie  east  to  the  Chenango  Valley.  Strata 
examined  in  this  study  are  exclusively  marine  and  are 
typically  fossiliferous. 
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Figure  1.  Study  area.  (A)  Outcrop  belt  of  combined  Ludlowville  and  Moscow  Formations  be¬ 
tween  Lake  Erie  and  Chenango  Valley.  (B)  Distributions  of  outcrops  studies.  Num¬ 
bered  outcrops  are  listed  in  Appendix  1. 


Previous  Work 


5 


Studies  of  the  Hamilton  Group  of  New  York  are  too 
numerous  to  document  fully  here.  This  section  sum¬ 
marizes  development  of  stratigraphic  terms  and  usage 
applied  to  the  Ludlowville  and  Moscow  Formations  in 
central  and  western  New  York.  Attention  is  centered 
on  detailed  work  by  G.  A.  Cooper  in  the  1920’s.  Re¬ 
sults  of  previous  work  (present  stratigraphy)  are  sum¬ 
marized  for  New  York  Devonian  rock  sequences  in  L. 
V.  Rickard’s  (1975)  Devonian  Correlation  Chart.  Pre¬ 
sent  stratigraphy  for  Ludlowville  and  Moscow  Forma¬ 
tions  in  west-central  New  York  is  shown  in  Figure  2. 

The  term  Ludlowville  was  first  used  by  Hall  (1839), 
to  include  strata  from  the  base  of  the  Centerfield  Lime¬ 
stone  to  a  limestone  bed  he  called  the  encrinal.  Hall 
introduced  the  term  Moscow  to  include  strata  marked 
by  the  encrinal  at  the  base  and  Tully  Limestone  or 
upper  Devonian  (Genesee  Shales)  at  the  top  for  sec¬ 
tions  from  Cayuga  Lake  to  Lake  Erie  (Hall,  1843). 

G.  A.  Cooper  (1929,  1930)  described  results  of  ex¬ 
tensive  stratigraphic  mapping  of  the  Hamilton  Group 
and  pointed  out  several  inconsistencies  in  earlier  corre¬ 
lations.  A  principle  difficulty  centered  around  correla¬ 
tions  of  the  encrinal  limestone  (Ludlowville-Moscow 
boundary).  A  thin  limestone  recognized  in  the  Canan¬ 
daigua  Valley  and  named  Tichenor  by  Clarke  (1903) 


was  designated  as  the  base  of  Moscow  shales  in  that 
area  (Clarke  and  Luther,  1904).  Clarke  (1903)  believed 
this  unit  was  correlative  with  a  thin  limestone  in  Erie 
County  which  Hall  (1843)  had  called  the  encrinal. 
Grabau  (1917)  renamed  this  Erie  County  limestone 
Morse  Creek,  but  Cooper  (1930),  arguing  that  west¬ 
ward  correlation  of  the  Tichenor  with  Morse  Creek 
was  indeed  valid,  redefined  (extended)  the  name 
Tichenor  to  include  the  Morse  Creek.  However, 
Cooper  (1930)  believed  the  Tichenor  and  Cayuga  en¬ 
crinal  beds  were  not  equivalent  and  that  the  encrinal 
was  a  younger  unit.  West  of  Canandaigua  Lake,  the 
Menteth  and  Tichenor  (designated  members  by 
Cooper)  were  seen  to  converge  and  the  intervening 
Deep  Run  Shale  Member  to  thin  rapidly.  East  of 
Seneca  Lake  the  Tichenor  was  seen  to  grade  into  shale 
and  disappear.  With  eastward  disappearance  of  the 
Tichenor,  grey  shales  occurring  above  and  below  it 
were  lumped  together  to  form  a  thicker  unit  called  the 
King  Ferry  Member  (Cooper,  1930). 

The  encrinal  limestone  of  the  Cayuga  Valley  marks 
the  base  of  a  thicker  calcareous  unit  designated  Port¬ 
land  Point  Member  by  Cooper  (1930).  He  correlated 
this  basal  limestone  with  the  Menteth  Member  occur¬ 
ring  50-60  feet  (15-18  m)  above  the  Tichenor  in  the 
Canandaigua  Valley  and  designated  the  Ludlowville- 


Figure  2.  Traditional  Upper  Ludlowville-Lower  Moscow  stratigraphy  between  Genesee  River 
and  Ithaca  region,  Cayuga  Valley.  Correlations  are  based  largely  on  work  of  Cooper 
(1929,  1930).  Vertical  lines  represent  sections  examined.  Numbered  sections  are  listed 
in  Appendix  1. 
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Moscow  boundary  as  the  base  of  these  units.  He  then 
referred  to  the  Moscow  and  Ludlowville  divisions  as 
formations. 

Portland  Point  strata  above  the  basal  bed  were  de¬ 
scribed  as  westwardly  correlative  with  the  lower  part 
of  the  Kashong  Member  west  of  the  Canandaigua  Val¬ 
ley.  The  top  of  the  Portland  Point  Member  in  the 
Cayuga  Valley  was  set  at  a  shell-rich  layer  containing 
the  brachiopods  Rhipidomella  and  Centronella  (“R-C” 
bed  of  the  present  author)  which  is  traceable  west¬ 
wardly  to  the  Canandaigua  Valley.  West  of  this  valley 
the  bed  is  no  longer  traceable,  and  Cooper  (1930) 
lumped  Portland  Point  equivalent  shales  above  the 
Menteth  with  the  Kashong  Member. 

In  western  New  York,  Cooper  subdivided  shales 
above  the  Portland  Point  into  two  members,  Kashong 
and  Windom.  The  base  of  the  Kashong  was  set  at  the 
Menteth  in  western  sections  and  at  the  top  of  the  Port¬ 
land  Point  in  the  Canandaigua-Cayuga  Valleys.  The 
top  of  the  Kashong  was  set  at  the  basal  Windom 
Amhocoelia-Devonochonetes  zone  or  at  a  sandy  bed 
which  sometimes  marks  the  faunal  change.  West  of 
Livingston  County,  the  Kashong  was  seen  to  thin 
rapidly  and  disappear  across  Genesee  County.  To  the 
east  of  the  Kashong  type  section  in  the  Seneca  Valley, 
it  was  observed  to  thin  and  disappear  eastward  by 
nondeposition  (Cooper,  1930). 

Cooper  subdivided  Ludlowville  shales  occurring 
below  the  Tichenor  into  an  upper  fossiliferous  grey 
shale  (Wanakah  Member)  and  a  lower  dark  grey  shale 
(Ledyard  Member).  The  Wanakah  was  described  as 
eastwardly  correlative  with  the  lower  (pre-Tichenor) 
part  of  the  King  Ferry  Member.  Later  workers  (Payne, 
1938  and  Grasso,  1973)  included  the  lower,  shaley  part 


of  Cooper’s  Tichenor  in  the  Wanakah  at  some  sections. 
Overall  consistency  as  to  placement  of  the  Tichenor- 
Wanakah  contact  presently  is  lacking. 

Rock  Units  and 
Sedimentary  Relationships 

Portland  Point  Member 

The  Portland  Point  type  section  (Loc.  25)*  at  Port¬ 
land  Point  on  Cayuga  Lake  (Figures  4  and  5a),  consists 
of  1.5  feet  (46  cm)  of  calcarenitic  limestone  at  the  base 
succeeded  by  1.5  feet  (46  cm)  of  impure  shaley  lime¬ 
stone.  This  3  foot  (91  cm)  carbonate  sequence  is,  in 
turn,  overlain  by  3.5  feet  (1.1  m)  of  soft  fossiliferous 
shale  (R-C  bed).  This  6.5  foot  (2.0  m)  interval  is  equiv¬ 
alent  to  a  thick  and  largely  detrital  sedimentary  se¬ 
quence  in  the  Seneca  and  Canandaigua  Valleys  (Fig. 
3). 

The  basal  calcarenitic  limestone  bed  is  believed 
equivalent  to  the  Tichenor  Limestone  Member  and  to 
be  continuous  with  it.  This  correlation,  discussed  more 
fully  in  description  of  the  Tichenor,  is  based  on  study 
of  faunas  and  lithologies  in  both  units  and  study  of 
their  stratigraphic  relationships  with  synjacent  strata. 
The  basal  calcarenitic  limestone  (Unit  2,  Fig.  4)  con¬ 
tains  a  prolific  fauna  in  Cayuga  Valley  sections  charac¬ 
terized  by  large  corals  Heliophyllum  and  Eridophyl- 
lum,  the  brachiopods  Pentamerella,  Meristella,  Elytha, 
and  Vitulina,  the  gastropods  Platyceras  and  Platy- 
stoma,  abundant  bryozoans  and  several  crinoids. 

*  Localities  numbered  in  text  are  listed  in  Appendix  1. 
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Er|E  GENESEE  GENESEE  CANANDAIGUA 

COUNTY  COUNTY  VALLEY  VALLEY 


Figure  3.  Upper  Ludlowville-Lower  Moscow  stratigraphic  relationships  observed  in  present 
study;  (A)  in  western  and  (B)  in  west-central  New  York.  Numbered  sections  are  listed 
in  Appendix  1. 


B  GENESEE  CANANDAIGUA  SENECA  CAYUGA  OWASCO 
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The  muddy,  thin-bedded  limestone  (Unit  3,  Fig.  4) 
above  the  basal  limestone  is  intensely  bioturbated  and 
contains  numerous  brachiopod,  pelecypod,  and  trilo- 
bite  fragments.  This  bed  is  a  greatly  condensed  equiva¬ 
lent  of  the  Deep  Run  and  Menteth  Members  both  of 
which  are  developed  in  sections  north  and  west  of 
Portland  Point.  The  muddy  limestone  sequence  con¬ 
tains  spiriferid  brachiopods,  bryozoans,  and  trilobite 
fragments. 

The  top  3.5  feet  (R-C  bed)  is  a  soft,  bioturbated, 
calcareous  shale.  This  unique  interval  (Unit  4,  Fig.  4) 
carries  a  fauna  which  is  distinct  both  in  taxonomic 


shale  between  the  Menteth  and  the  R-C  bed.  The 
Portland  Point  thickens  westward  to  9  feet  (2.7  m)  at 
Sheldrake  Creek  (Loc.  22),  16-18  feet  (4. 9-5. 5  m)  at 
Bloomer  and  Mack  Creeks  (Loc.  20),  and  40  feet  (12 
m)  at  localities  18  and  19  east  of  Seneca  Lake.  At 
Kashong  Creek  (Loc.  17),  west  of  Seneca  Lake,  it  ex¬ 
ceeds  50  feet  (15  m),  and  at  Reed  Gully  (Loc.  15)  in 
the  Canandaigua  Valley,  the  equivalent  sequence  is  74 
feet  (23  m)  thick  with  the  Deep  Run  Shale  comprising 
most  of  the  interval  (Fig.  3b). 

The  Portland  Point  thins  eastward  but  the  units  de¬ 
scribed  above  persist  juxtaposed  together  to  the  Tully 


Figure  4.  Diagram  of  Portland  Point  type  section  (Loc.  25).  Units  include:  1)  uppermost  Lud- 
lowville  (King  Ferry)  shale,  2)  basal  Portland  Point  (Tichenor  equivalent)  calcarenitic 
bed,  3)  middle  Portland  Point  (Deep  Run-Menteth  equivalent)  muddy  limestone,  4) 
Rhipidomella-Centronella  (R-C  bed,  5)  shale  sequence  (Kashong)  with  prominent 
siltstone  bed,  and  6)  basal  siltstone  bed  and  succeeding  shales  of  Windom  Member. 


composition  and  preservation.  The  shale  contains  nu¬ 
merous  terebratulid  brachiopods — Centronella  impressa 
and  Cryptonella.  Other  brachiopods — Spinocyrtia, 
Rhipidomella,  Tropidoleptus ,  and  Douvdlina — are 
common.  Many  brachiopods  show  extensive  mechani¬ 
cal  wear  and  faceting.  This  is  the  “shell  bed  which 
Cooper  (1930)  designated  as  the  top  of  the  Portland 
Point  at  and  west  of  the  Cayuga  Valley.  This  bed  can 
be  traced  to  the  Canandaigua  Valley  where  it  occurs 
10  feet  (3  m)  above  the  Menteth  Limestone. 

The  Portland  Point  section  expands  westward  across 
the  Cayuga  Valley  with  lateral  gradation  of  the  middle 
muddy  limestone  into  differentiable  Deep  Run  Shale 
and  Menteth  Limestone  and  appearance  of  blue-grey 


Valley  (Fig.  6).  The  Portland  Point  is  5.6  feet  (1.7  m) 
thick  at  Champney’s  Quarry  (Loc.  28)  east  of  Owasco 
Lake,  2.4  feet  (73  cm)  at  Bucktail  Ravine  (Loc.  31)  in 
the  Otisco  Valley,  2.5  feet  (76  cm)  near  Lord’s  Comers 
(Loc.  32)  south  of  Syracuse  (Fig.  5b)  and  1.2  feet  (37 
cm)  at  Stroud’s  Brook  (Loc.  34)  near  Lebanon. 

The  basal  Portland  Point  calcarenite  thins  to  one 
foot  in  the  Skaneateles  Valley  (Loc.  30)  and  varies  be¬ 
tween  0  and  1.5  feet  (0-46  cm)  east  of  there.  Although 
echinoderm  fragments  are  common  in  the  bed  they 
decrease  eastward.  This  bed  is  typically  a  mixture  of 
transported  and  reworked  brachiopod  fragments,  shale 
clasts,  and  echinoderm  debris  east  of  the  Tully  Valley. 
Large  corals  Heliophyllum ,  Heterophrentis,  and  Favo- 


9 


Figure  5.  Photographs  of  sections: 

A.  Portland  Point  exposure  in  Gulf  Creek  (Loc.  24)  near  Portland  Point  type  section. 
Unit  a.  is  basal  Portland  Point  ealcarenite;  b.  is  middle  limestone  bed;  c.  is  lower  third 
(remainder  covered)  of  R-C  bed. 

B.  Portland  Point  in  roadcut  near  Lord’s  Corners  (Loc.  32)  in  Onondaga  County.  Unit 
a.  is  basal  ealcarenite  (in  recess);  b.  is  middle  limestone  bed;  c.  is  R-C  bed;  and  shale 
d.  is  Kashong  equivalent  lower  Cooperstown  Member. 

C.  Ludlowville-Moscow  contact  exposed  at  N.Y.  Rt.  38  roadcut  (Loc.  27)  west  of 
Owasco  Lake,  Cayuga  County.  An  erosional  break  is  developed  between  the  Owasco 
Member  (a)  and  overlying  basal  ealcarenite  bed  (b)  of  the  Portland  Point. 

D.  Ludlowville-Moscow  contact  at  Jaycox  Creek  (Loc.  12)  in  Livingston  County.  Cal¬ 
careous  shale  (a)  of  Upper  Ludlowville  is  paraconformably  overlain  by  Tichenor 
Member  (b)  which,  in  turn,  is  overlain  by  the  Deep  Run  Member  (c).  Unit  a.  is  here 
designated  the  Jaycox  Shale  Member  with  this  exposure  as  type  section. 
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sites  are  present  in  this  bed  in  several  central  New 
York  sections. 

The  middle  muddy  limestone  unit  is  the  most  per¬ 
sistent  layer  seen  in  Portland  Point  sections  in  central 
New  York.  It  varies  between  1.0  and  2.5  feet  (30-76 
cm)  in  thickness  between  the  Owasco  and  Chenango 
Valleys.  The  lower  part  of  the  middle  bed  grades  from 
a  thin-bedded,  muddy,  shell-rich  layer  in  the  Cayuga 
and  Owasco  Valleys  to  a  dense,  calcilutitic,  ledge¬ 
forming  limestone  in  the  Syracuse-Cazanovia  region. 
This  limestone  is  composed  of  lime  mud  and  weathers 
to  a  light  grey  to  buff  color.  The  upper  part  of  the  bed 
changes  to  bioturbated  calcareous  siltstone  east  of  the 
Tully  Valley. 

The  upper  unit  (R-C  bed)  thins  eastward  from  3.5 
feet  (1.1  m)  at  the  type  section  to  0. 1-0.2  feet  (3-6 
cm)  at  Locality  33  near  DeRuyter.  There  is  both  an 
eastward  decrease  in  faunal  diversity  and  a  general 
change  to  hard  silty  muds  within  the  bed.  East  of  the 
Tully  Valley  the  diagnostic  brachiopods  became  rare 
and  east  of  DeRuyter  there  is  no  conclusive  presence 
of  this  unit  between  Portland  Point  carbonates  and  the 
overlying  basal  Cooperstown  Member. 

Both  at  and  east  of  the  Owasco  Valley  the  basal 
Portland  Point  calcarenite  rests  on  the  thin  (0-3  foot, 
0-1  m)  sandy  Owasco  Member,  described  by  Smith 
(1935).  The  Owasco  is  present  in  most  outcrops,  but  in 
at  least  one  section  (Loc.  29),  the  Owasco  Member  is 
absent  and  the  Portland  Point  rests  directly  on  the 
Spafford  Member.  In  several  sections  fragments  of  re¬ 
worked  Owasco  can  be  seen  in  the  Portland  Point 
basal  calcarenite  (Fig.  5c). 

The  6.5-7. 0  foot  (2.0-2. 1  m)  Portland  Point  thick¬ 
ness  recorded  by  this  author  from  the  type  section  is 
less  than  8. 5-9. 5  foot  (2. 6-2. 9  m)  measurements  re¬ 
ported  by  others  (Cooper,  1930;  Fernow,  1961; 
McCave,  1967).  This  discrepancy  may  be  explained  by 
the  fact  that  the  top  of  the  R-C  bed  occurs  1.5  feet  (46 
cm)  below  a  conspicuous  calcareous  siltstone  bed 
shown  as  part  of  unit  5  in  figure  4.  This  siltstone  bed 
and  2.5  feet  (76  cm)  of  synjacent  shales  (Unit  5,  Fig.  4) 
are  found  to  be  part  of  the  Kashong  Shale  Member 
and  they  display  a  Tropicloleptus  dominated  as¬ 
semblage  typical  of  that  unit.  The  contact  of  the  R-C 
bed  with  this  interval  is  conformable  and  inconspicu¬ 
ous.  The  faunal  change  may  have  been  overlooked  in 
earlier  work  and  the  siltstone  bed  thus  seen  as  the  log¬ 
ical  upper  boundary  for  the  Portland  Point. 

Tichenor  Member 

The  Tichenor  Limestone  Member  is  found  to  be 
stratigraphically  continuous  with  Portland  Point  basal 
calcarenite  (Figures  3  and  6).  The  Tichenor  is  a  thin 


calcarenitic  limestone  in  Livingston,  Genesee,  and 
Erie  Counties  (Figures  5d  and  8d)  and  Cayuga  Valley 
sections  (Fig.  7a),  ranging  from  1  to  3  feet  (30-100  cm) 
in  thickness.  In  the  Canandaigua  and  Seneca  Valleys  it 
is  both  thicker  and  more  argillaceous,  reaching  a  max¬ 
imum  thickness  of  8  feet  (2.4  m)  at  Kashong  Creek 
(Fig.  7b).  The  base  of  the  Tichenor  marks  a  regional 
paraconformity  extending  from  Lake  Erie  into  east- 
central  New  York  and  is  sharp  with  underlying  Lud- 
lowville  shale  in  almost  all  sections  (Figures  5c  and 
7b). 

The  upper  contact  of  the  Tichenor  is  sharp  in  west¬ 
ern  Erie  County  where  a  pyrite-coated  hardground  is 
developed  (Brett,  1974,  Brett  and  Baird,  1974),  but  in 
sections  further  east,  it  is  typically  gradational.  Where 
the  Deep  Run  Member  is  present  the  Tichenor  grades 
upward  from  a  massive  1  to  2  foot  (30-61  cm)  calcare¬ 
nite  at  the  base  through  a  0.5  to  1.5  foot  (15-46  cm) 
thin-bedded  limestone  interval  into  a  1.0  to  8.0  (0.3- 
2.4  m)  calcareous  shale  sequence  marked  by  thin  lime¬ 
stones  and  fossil  lenses.  The  Tichenor  Deep  Run  con¬ 
tact  is  here  designated  as  the  top  of  the  interbedded 
limestone-shale  sequence  and  the  base  of  uniform, 
muddy  shales  typical  of  Deep  Run.  The  transitional 
upper  Tichenor  of  the  Seneca  and  Canandaigua  Valleys 
is  a  3-  to  7-foot  (1-2  m)  sequence  of  thin,  discontinu¬ 
ous,  argillaceous  limestone  beds  rich  in  bryozoans, 
sponges,  crinoids,  and  corals  often  in  undisturbed  life 
association.  These  occur  interlayered  with  calcareous 
muddy  shales  similar  to  those  in  the  overlying  Deep 
Run  Member. 

A  diverse  and  distinctive  fauna  is  found  in  the 
Tichenor  including  large  tabulate  and  rugose  corals, 
lithistid  demosponges,  bryozoans,  brachiopods,  and 
crinoids.  Forms  particularly  characteristic  of  or  com¬ 
mon  in  the  Tichenor  include  the  brachiopods  Vitalina 
and  Meristella,  the  corals  Eridophyllum  and 
Heliophyllum,  and  the  gastropods  Platystoma  and 
Platyceras.  Numerous  crinoids,  found  in  this  unit,  in¬ 
clude  Dolatocrinus,  Gennaeocrinus,  Eutaxacrinus,  and 
numerous  associated  large  crinoid  columnals  and 
holdfast  structures.  This  Tichenor  fauna  is  essentially 
identical  in  taxonomic  composition  to  that  found  in  the 
upper  part  of  the  Portland  Point  basal  limestone  bed 
west  of  Cayuga  Lake.  Fossil  preservation  is  strikingly 
similar  for  both  units  with  a  characteristic  distinct 
orange  coloration  on  fractured  echinoderm  debris. 

It  could  be  argued  that  these  two  units  display  iden¬ 
tical  facies  but  are  stratigraphically  noncorrelative.  The 
Tichenor  and  basal  Portland  Point  calcarenite,  how¬ 
ever,  display  a  very  distinctive  facies  which  is  easily 
recognized  in  sections  and  which  can  be  traced  easily 
from  outcrop  to  outcrop.  It  does  not  appear  likely  that 
the  Tichenor  and  basal  Portland  Point  limestone  bed, 
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each  traceable  in  sections  for  more  than  100  miles  (160 
km),  disappear  simultaneously  within  a  7  mile  (11 
km)-wide  region  between  Seneca  and  Cayuga  Lakes. 
Moreover,  correlation  of  these  units  is  suggested  by 
the  association  of  each  with  a  widespread  regional 
paraconformitv.  In  addition  to  this,  the  Menteth 
Member,  originally  correlated  with  the  basal  Portland 
Point  limestone  bed  (Cooper,  1929,  1930),  is  now 
found  above  that  bed  in  the  Cayuga  Valley.  This  rules 
out  the  possibility  that  the  basal  Portland  Point  bed 
calcarenite  transforms  into  Menteth  between  Cayuga 
and  Seneca  Lakes.  The  fact  that  only  one  Tichenor- 
basal  Portland  Point-type  bed  has  been  observed  in 
each  Cayuga  and  Seneca  Valley  section  further 
suggests  that  only  one  such  unit  of  this  distinct  charac¬ 
ter  is  developed  and  that  it  is  physically  continuous 
across  this  region.  Tichenor-basal  Portland  Point  corre¬ 
lation  is  thus  argued  here  as  the  most  logical  interpre¬ 
tation  based  on  these  observations. 

Deep  Run  and  Menteth  Members 

The  Deep  Run  Shale  Member  overlies  the  Tichenor 
Member  and  underlies  the  Menteth  Member  from 
Murder  Creek  (Loc.  6)  in  Genesee  County  to  Paines 
Creek  (Loc.  23)  in  Cayuga  County  (Figures  3  and  6). 
The  Deep  Run  is  typically  a  hard,  grey  muddy  shale  to 
shaley  mudstone.  It  is  fossiliferous  and  calcareous 
mainly  in  gradations  with  the  adjacent  limestones  and 
at  eastern  and  western  feather-edged  margins.  Most 
nonmarginal  shales  and  mudstones  of  thick  Deep  Run 
sections  contain  faunas  of  low  diversity  and  abundance. 


Fossils  include  spiriferid  brachiopods,  bryozoan  col¬ 
onies,  and  pelecypods.  Only  the  basal  transition  with 
the  Tichenor  contains  a  diverse  or  distinctive  fauna. 

The  Deep  Run  is  a  lens-shaped  terrigenous  deposit 
which  has  a  maximum  thickness  of  56  feet  (17  m)  in 
the  Canandaigua  Valley.  The  unit  thins  eastward  to  33 
feet  (10  m)  at  Kashong  Creek,  26  feet  (8  m)  on  the 
Seneca  Lake  east  shore  (Fig.  7c),  11  feet  (3.4  m)  at 
Bloomer  Creek  and  5  feet  (1.5  m)  at  Sheldrake  Creek 
at  Cayuga  Lake.  It  thins  westward  to  8  feet  (2.4  m)  at 
Jaycox  Creek  (Loc.  12)  in  Livingston  County,  4  feet 
(1.2  m)  at  Locality  10  in  Genesee  County  and  2  feet 
(61  cm)  at  Murder  Creek  (Loc.  6)  before  grading  later¬ 
ally  to  impure  limestone. 

East  of  Cayuga  Lake  Valley  and  west  of  Genesee 
County  the  Deep  Run  grades  laterally  into  a  thin, 
muddy  carbonate  interval  which  is  conformable  with 
adjacent  Portland  Point,  Tichenor,  and  Menteth  beds. 
The  Deep  Run  is  eastwardly  correlative  with  the  lower 
part  of  the  middle  Portland  Point  muddy  limestone. 
Both  at  and  east  of  the  Portland  Point  type  section  the 
Deep  Run  and  Menteth  are  mutually  indistinguishable 
but  together  comprise  the  middle  limestone  bed. 

This  east  and  west  transition  of  Deep  Run  shale  to 
thin  limestones  appears  to  be  due  to  sedimentary  con¬ 
densation  in  opposite  directions.  Both  the  separate 
limestone  sequences  are  muddy,  thin-bedded,  fos¬ 
siliferous  and  highly  bioturbated.  They  are  conspicu¬ 
ously  similar  and  both  grade  spectrally  into  Deep  Run 
and  appear  conformable  with  adjacent  Menteth  and 
Tichenor  Limestones.  This  pattern  suggests  non- 


Figure  6.  Stratigraphic  relationships  of  Portland  Point  and  synjacent  strata  from  the  Cayuga  Val¬ 
ley  to  the  Tully  Valley.  Numbered  sections  are  listed  in  Appendix  1. 
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deposition  of  terrigenous  muds  and  slow  carbonate  ac¬ 
cumulation  as  an  explanation  for  the  abbreviated  sec¬ 
tions. 

The  Menteth  Limestone  Member  is  a  thin  unit 
which  occurs  above  the  Deep  Run  from  the  east  side 
of  the  Cayuga  Valley  to  eastern  Erie  County.  It  is  a 
nodular,  grey,  0.5-  to  2-foot  (15-61  cm)-thick  lime¬ 
stone  which  weathers  buff  (Fig.  7d).  This  unit  varies 
little  in  thickness  between  sections  and  typically  out¬ 
crops  as  a  single  ledge.  The  base  of  the  limestone  is 
gradational  with  the  Deep  Run  and  the  transition  is 
often  marked  by  numerous  prod  and  spreiten  burrows. 
The  upper  contact  is  often  sharp  and  hummocky  and  at 
Groves  Creek  (Loc.  21)  it  appears  to  be  marked  by  a 
discontinuity. 

The  Menteth  Limestone  is  heavily  bioturbated  and 
shows  abundant  Taonurus  traces.  It  is  comprised  of 
burrow-riddled,  skeletal  calcisiltite  with  lesser  amounts 
of  echinoderm  debris,  shell  material,  and  terrigenous 
mud,  which  is  irregularly  distributed  within  the  unit 
due  to  the  intense  bioturbation.  Although  the  Menteth 
varies  little  in  composition  between  outcrops  there  is  a 
general  eastward  decrease  in  echinoderm  debris  and 
increase  of  terrigenous  silt.  The  Menteth  is  not 
marked  by  a  particularly  indigenous  fauna;  most  forms 
within  it  are  similar  to  those  in  the  middle  and  upper 
parts  of  the  Deep  Run.  However,  numerous  and  often 
large  fragments  of  trilobites  Phacops  and  Dipleura 
occur  in  the  Menteth  at  several  localities. 

The  Menteth  thins  eastward  across  the  Cayuga  Val¬ 
ley  from  a  1.1  foot  (34  cm)  dense,  falls-forming  lime¬ 
stone  at  Rloomer  Creek  to  a  0.5  foot  (15  cm)  nodular 
band  at  Paines  Creek.  A  similar  ledge  of  impure  lime¬ 
stone  occurs  still  further  east  at  this  stratigraphic  posi¬ 
tion  on  Ensenore  Ravine  (Loc.  26)  at  Owasco  Lake. 
However,  at  the  Portland  Point  type  section  the  Men¬ 
teth  no  longer  outcrops  as  a  discrete  bed.  The  Men¬ 
teth  is  correlative  with  the  upper  part  of  the  middle 
Portland  Point  limestone  at  and  east  of  the  Portland 
Point  type  section  and  it  can  be  traced  as  far  as  eas¬ 
ternmost  Erie  County.  Further  west  the  Menteth  is 
difficult  to  distinguish  from  underlying  carbonates  of 
the  condensed  Deep  Run  section  (Fig.  8d).  Across 
Erie  County  the  Menteth-Deep  Run  interval  under¬ 
goes  erosional  overstep  by  the  Windom  Shale  Member 
and  it  is  missing  west  of  Cazenovia  Creek  (Loc.  3). 

Kashong  Member 

The  Kashong  is  a  blue-grey  fossiliferous  shale  with 
scattered  limestone  concretions  and  lenses  of  fossil  de¬ 
bris.  In  western  New  York  it  occurs  between  the  Men¬ 
teth  and  Windom  Members,  and  in  central  New  York 
between  the  Portland  Point  and  Windom  Members. 


The  Kashong  is  usually  soft  and  fossiliferous,  yield¬ 
ing  a  diverse  and  abundant  fauna  of  brachiopods, 
pelecypods,  bryozoans  and  crinoids.  Common  taxa  in¬ 
clude  the  brachiopod  Tropidoleptus,  the  coral 
Pleurodictyum,  the  pelecypods  Modiomorpha, 
Pseudaviculopecten ,  Orthonata,  Grammysia  bisulcata, 
and  the  phvllocarid  Echinocaris.  The  grey  shale  inter¬ 
val  between  the  R-C  bed  and  the  Menteth  Limestone 
in  the  Canandaigua  and  Seneca  Valleys  contain  typical 
Kashong  fossils.  As  this  shale  is  an  eastward  extension 
of  the  lower  Kashong  into  the  Cayuga  Valley  (Fig.  3), 
it  is  here  considered  part  of  the  Kashong  as  is  the 
overlying  R-C  bed.  The  position  of  the  R-C  bed  both 
above  and  below  Kashong-type  shales  indicates  that  it 
is  an  anomalous  facies  of  the  Kashong  and  separate 
from  Portland  Point  carbonates. 

The  top  of  the  Kashong  Member  is  marked  by  an 
erosional  discontinuity  (Fig.  3)  which  increases  in 
magnitude  westward  (Baird,  1978).  The  break  is 
marked  by  reworked  Kashong  fossils  and  by  numerous 
phosphatic  pebbles  and  steinkerns.  The  phosphatic 
material  is  abundant  west  of  the  Bristol  Valley  but 
scarce  east  of  there.  In  the  Cayuga  and  Owasco  Valleys 
the  discontinuity  is  marked  by  a  siltstone  bed  with  few 
phosphatic  pebbles.  Between  easternmost  Erie  County 
and  the  Honeoye  Valley  this  discontinuity  coincides 
with  the  Kashong-Windom  faunal  change,  the  Kashong 
fauna  being  abruptly  succeeded  by  the  basal  Windom 
Ambocoelia-Devonochonetes  zone  across  the  break 
(Fig.  8a).  From  the  Honeoye  Valley  to  the  Cayuga  Val¬ 
ley  this  faunal  change  occurs  0.5  to  1.0  feet  (15-30  cm) 
above  the  discontinuity  and  is  associated  with  a  persis¬ 
tent  siltstone  bed  marking  the  base  of  the  Windom 
(Fig.  8b).  Both  the  discontinuity  and  basal  Windom 
siltstone  are  visible  at  the  Portland  Point  type  section. 
At  this  section  the  Kashong  sequence  above  the  R-C 
bed  (Unit  5,  Fig.  4)  is  3  feet  (1  m)  thick  and  the 
siltstone  bed  marking  the  discontinuity  occurs  1.5  feet 
(46  cm)  above  the  R-C  bed.  This  siltstone  is  conspicu¬ 
ous  and,  as  mentioned  earlier,  may  have  been  desig¬ 
nated  the  top  of  the  Portland  Point  in  earlier  studies. 

The  Kashong  thins  to  the  west  from  a  maximum  86 
feet  (26  m)  in  Livingston  County  (Cooper,  1930)  to  25 
feet  (8  m)  at  Elevenmile  Creek  (Loc.  5)  in  Genesee 
County.  It  disappears  in  eastern  Erie  County  due 
partly  to  erosive  overstep  by  the  Windom,  as  evi¬ 
denced  by  the  discontinuity  at  the  top  of  the  Kashong, 
and  partly  to  westward  sedimentary  condensation. 
Westward  thinning  of  the  Kashong  is  associated  with 
increases  in  carbonate  and  fossil  content  in  the  shale 
and  with  increased  evidence  of  bioturbation.  In  west¬ 
ern  Genesee  and  eastern  Erie  Counties  the  Kashong 
consists  of  calcareous  bioturbed  shale  and  thin  con¬ 
cretionary  limestone  beds. 
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Figure  7.  Photographs  of  sections: 

A.  Ludlowville-Moscow  contact  at  Sheldrake  Creek  (Loc.  22)  in  Seneca  County. 
Shales  of  King  Ferry  Member  (a)  are  overlain  paraconformably  by  Tichenor  calcarenite 

(b). 

B.  Ludlowville-Moscow  contact  at  first  high  falls  at  Kashong  Creek  (Loc.  17)  in  On¬ 
tario  County.  Grey  shales  of  Jayeox  Member  (a)  are  paraconformably  overlain  by 
Tichenor  Member  (b)  which  is  eight  feet  thick  and  argillaceous  at  this  locality.  The 
Deep  Run  Member  (c)  is  exposed  above  the  Tichenor.  Twenty  feet  of  Jayeox  Member 
is  visible  in  picture. 

C.  Bluffs  along  east  shore  of  Seneca  Lake  (Loc.  18)  1.5  miles  north  of  Willard,  Seneca 
County.  Grey  muddy  shale  (a)  of  Deep  Run  Member  underlies  Menteth  Limestone 
Member  (b)  at  top  of  section.  Top  of  Tichenor  Member  is  at  lake  level. 

D.  Menteth  Limestone  (b)  over  Deep  Run  Shale  (a)  at  Groves  Creek  (Loc.  21)  in 
Seneca  County.  Note  irregular,  hummocky  upper  surface  of  limestone.  R-C  bed  (c)  is 
in  background  and  forms  low  falls. 
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The  Kashong  extends  further  east  than  previously 
mapped  and  is  now  recognized  throughout  the  Owasco 
Valley  where  it  is  8  feet  (2.4  m)  thick  (Fig.  6).  East  of 
the  Owasco  Valley,  a  10-foot  (3  m)  equivalent  strati¬ 
graphic  interval  yielding  typical  Kashong  fossils,  in¬ 
cluding  Pleurodictyum,  Tropidoleptus,  Orthonota, 
Retispira,  Dipleura,  and  Tentaculites,  is  discernable 
within  the  basal  Cooperstown  Member  as  far  east  as 
Madison  County.  Although  this  silty  shale  is  equiva¬ 
lent  to  the  Kashong,  it  is  proposed  that  the  eastern 
boundary  of  the  Kashong  be  set  at  the  lithologic  transi¬ 
tion  to  silty  facies  occurring  east  of  the  Owasco  Valley. 

Wanakah  Member 

The  Wanakah  Shale  Member  encompasses  40  to  70 
feet  (12-21  m)  of  grey  to  dark  grey  soft  shales  between 
the  Ledyard  and  Tichenor  Member  from  Lake  Erie  to 
Seneca  Lake. 

Between  the  Wanakah  type  section  (Loc.  1)  at  Lake 
Erie  and  the  Canandaigua  Valley,  the  Wanakah  is  very 
fossiliferous  both  in  the  upper  part  and  base  of  the 
member.  Fossil  forms  common  in  the  Wanakah  in¬ 
clude  the  brachiopods  Athyris  spiriferoides,  Am- 
bocoelia  umbonata,  and  Pseudoatrypa,  the  corals 
Stereolasma,  Pleurodictyum,  and  Cladochonus,  cryp- 
tostome  bryozoans,  and  numerous  bivalves.  East  of  the 
Canandaigua  Valley  equivalent  shales  become  darker, 
brittle,  and  platy.  Except  for  the  basal  Wanakah 
Pleurodictyum  zone  and  trilobite  bed  which  remain 
fossiliferous,  the  Wanakah  contains  a  sparse  fauna 
characterized  by  styliolinids,  tentaculitids,  small  Am- 
bocoelia,  nuculoid  bivalves,  and  ostracodes. 

Post-Wanakah  Calcareous  Shale: 

Jaycox  Member 

East  of  the  Wanakah  type  section  an  eastwardly 
thickening  calcareous  shale  bounded  at  the  base  by  a 
thin  limestone  appears  between  the  Tichenor  calcare- 
nite  and  underlying  Wanakah  shales.  This  sequence  is 
lithologically  different  from  the  Tichenor  and  separated 
from  it  by  a  regional  discontinuity.  It  differs  from  the 
underlying  Wanakah  by  its  carbonate  content  and  dis¬ 
tinct  fauna.  This  sequence  had  been  previously  placed 
in  the  Tichenor  (Cooper,  1930)  and  in  the  Wanakah 
(Payne,  1938,  Grasso,  1973). 

Both  the  limestone  and  calcareous  shale  contain  a 
diverse  and  distinctive  fauna  including  the  corals 
Heliophyllum  halli  var.  confluens  and  Pleurodictyum, 
the  brachiopods  Pentameralla  pavilionensis,  Meristella 
haskinsi,  Parazyga  hirsuta,  and  Elytha  fimbriata  and 
the  gastropods  Platystoma  and  Platyceras.  Unusual 
forms  include  several  types  of  lithistid  demosponges, 
large  assymetric  crinoid  columnals,  and  complex  pel- 
matozoan  holdfast  systems.  Large  Favosites,  including 


several  overturned  colonies,  are  common  in  the  basal 
limestone  (Fig.  8d)  and  in  coral  beds  within  the  overly¬ 
ing  shale. 

The  name  Jaycox  Shale  Member  is  proposed  for  this 
sequence.  The  member  is  defined  to  include  the  basal 
bed  and  succeeding  calcareous  shales  up  to  the 
Tichenor  in  Erie,  Genesee,  and  Livingston  County 
sections  and  thicker  equivalent  shales  between 
Livingston  County  and  Seneca  Lake  (Figures  3  and  9). 

The  type  section,  on  the  south  branch  of  Jaycox 
Creek  (Loc.  12)  in  Livingston  County,  includes  one 
foot  (31  cm)  of  muddy  limestone  succeeded  by  11  feet 
(3  m)  of  calcareous  shale  with  a  sharp  upper  contact 
with  the  Tichenor  (Fig.  5d).  The  western  limit  of  the 
Jaycox  is  Smokes  Creek  north  branch  (Loc.  2)  in  Erie 
County  where  only  a  portion  of  the  basal  limestone  is 
visible  below  the  Tichenor.  Successively,  younger 
Jaycox  beds  appear  beneath  the  Tichenor  from  Smokes 
Creek  east  to  Seneca  Lake.  The  calcareous  shale  first 
appears  above  the  basal  limestone  at  Buffalo  Creek 
(Loc.  4)  in  eastern  Erie  County  where  it  is  0.8  feet  (24 
cm)  thick  (Fig.  8d).  This  shale  thickens  eastward  across 
Genesee  County'  to  1.8  feet  (55  cm)  at  Murder  Creek, 
3.0  feet  (91  cm)  at  Bowen  Creek  (Loc.  7),  5  feet  (1.5 
m)  near  Bethany  Center  (Loc.  8)  and  7  feet  (2.1  m)  at 
Loc.  10  (Fig.  8c).  The  basal  limestone,  traceable  from 
Erie  County  to  Jaycox  Creek,  ranges  from  0.8  to  1.5 
feet  (24-46  cm)  in  thickness. 

East  of  the  type  section  the  Jaycox  thickens  to 
23-25  feet  (7-7.6  m)  in  the  Canandaigua  Valley.  The 
basal  limestone  disappears  across  this  interval  and  the 
base  of  the  Jaycox  becomes  gradational  across  a  1-  to 
2-foot  (30-60  cm)  interval  with  underlying  darker  grey 
Wanakah  shales. 

From  Canandaigua  Lake  eastward  the  Jaycox 
Member  grades  into  noncalcareous  and  less  fossilifer¬ 
ous  shales  and  mudstones.  Although  the  Jaycox  shales 
lose  many  distinctive  faunal  elements,  the  unit  can  still 
be  recognized  easily  because  the  change  is  gradual  and 
because  less  fossiliferous  Jaycox  shales  are  light  colored 
and  contrast  strongly  with  dark  platy  shales  of  the  un¬ 
derlying  Wanakah.  Fossils  common  to  Jaycox  shales  in 
the  Canandaigua  and  Seneca  Lake  Valleys  include  the 
corals  Pleurodictyum  and  Trachypora,  the  bryozoan 
Stictopora,  the  brachiopods,  Tropidoleptus  Parazyga 
hirsuta,  Protoleptostropia  junia,  and  the  gastropod 
Platyceras. 

The  easternmost  Jaycox  section  is  Kashong  Creek 
(Fig.  7b)  where  the  Jaycox  is  represented  by  52  feet 
(16  m)  of  light  grey  shale  marked  by  scattered  calcare¬ 
ous  beds  and  fossiliferous  layers.  The  Jaycox  is  equiva¬ 
lent  to  60  feet  (18  m)  of  grey  shale  comprising  the 
upper  King  Ferry  Member  east  of  Seneca  Lake. 

Westward  thinning  of  the  Jaycox  occurs  mainly 
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through  progressive  loss  of  beds  from  the  top  down. 
Progressive  westward  overstep  of  a  Pleurodictyum- rich 
bed  (Seneca  Valley),  Heliophyllum- rich  layers  (Liv- 
ingston-Genesee  Counties)  and  the  basal  limestone 
(Erie  County)  takes  place  as  the  sequence  is  cut  out 
under  the  Tiehenor.  Sedimentary  condensation  is  be¬ 
lieved  responsible  for  some  westward  thinning  and 
westward  increases  in  fossil  and  carbonate  content  in 
this  sequence. 

King  Ferry  Member 

The  King  Ferry  Shale  Member  includes  shales  be¬ 
tween  the  Ledvard  Member  and  Portland  Point- 
Tiehenor  Members  from  Seneca  Lake  eastwards.  The 
King  Ferry  is  composed  of  Wanakah  and  Jayeox  equiv¬ 
alent  dark  grey  to  grey  shales,  mudstones  and 
siltstones.  Between  Seneca  and  Cayuga  Lakes  the 
boundary  between  Jayeox  and  Wanakah  equivalent 
shales  is  displayed  at  several  localities,  but  neither 
shale  has  sufficient  similarity  to  sections  in  western 
New  York  to  warrant  the  designation  Jayeox  or 


Wanakah.  In  the  Cayuga  Valley  traces  of  the  boundary 
between  lighter  Jayeox  equivalent  and  darker  Wanakah 
equivalent  shales  are  so  diffuse  as  to  be  nearly  unre¬ 
cognizable.  Between  Seneca  and  Cayuga  Lakes  the 
King  Ferry  Member  ranges  from  115-  to  150-feet 
(35-46  in)  thick. 

The  lower  (Wanakah  equivalent)  part  of  the  King 
Ferry  east  of  Seneca  Lake  is  a  black  to  dark  grey  platy 
shale  containing  a  low  diversity  fauna  including  the 
brachiopods  Leiorynchus,  diminutive  Ambocoelia  and 
Devonochonetes ,  and  the  small  conical  mollusk 
Styliolina.  This  dark  shale  is  correlative  with  dark 
shales  of  the  Wanakah  Member  exposed  west  of 
Seneca  Lake  and  in  the  Canandaigua  Valley.  The 
lower  King  Ferry  thickens  across  the  Cayuga  Valley 
and  grades  eastward  from  black  shale  to  fossiliferous 
grey  shale  east  of  Cayuga  Lake  and  to  silty  shales  and 
siltstones  in  the  Owasco  Valley.  The  upper  (Jayeox 
equivalent)  part  of  the  King  Ferry  west  of  Cayuga 
Lake  consists  of  grey  shales  and  shaley  mudstones,  and 
it  coarsens  eastward  to  silty  mudstone  and  siltstone 
facies  east  of  the  Cayuga  Valley. 
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Figure  8.  Photographs  of  sections: 

A.  Subtle  discontinuity  (at  hammer-head  level)  between  Kashong  and  Windom  at  Lit¬ 
tle  Beard’s  Creek  (Loe.  11)  in  Livingston  County.  Tropidoleptus,  Lingula ,  and 
phyllocarid-rich  shales  of  Kashong  (a)  are  separated  from  Ambocoelia-Devonochonetes- 
rich  Windom  (b)  by  break.  Phosphatic  pebbles  and  fossil  steinkerns  are  abundant  along 
contact. 

B.  Kashong-Windom  contact  at  Canandaigua  Lake  east  shore  (Loc.  14).  Grey  Kashong 
Shale  (a)  rich  in  Tropidoleptus,  Lingida,  and  bivalves  is  overlain  by  discontinuity  (b) 
marked  by  phosphatic  pebbles  and  reworked  fossils.  1.5-foot-thick  transition  interval 
separates  discontinuity  from  basal  Windom  siltstone  bed  (c)  and  succeeding 
Ambocoelia-Devonochonetes- rich  shales  (d)  of  lower  Windom. 

C.  Complete  section  of  Jaycox  Member  at  small  creek  (Loc.  10)  in  Genesee  County. 
The  base  of  the  member  (a)  is  a  limestone  bed  rich  in  corals  including  Favosites.  Suc¬ 
ceeding  shale  (b)  contains  a  diverse  and  prolific  fauna  of  brachiopods,  bryozoans,  and 
large  corals.  The  top  of  the  member  is  marked  by  paraconformable  contact  with 
Tichenor  (c). 

D.  Waterfalls  section  at  Bullis  Boad  bridge  on  Buffalo  Creek  (Loc.  4)  in  Erie  County. 
The  basal  limestone  (a)  of  the  Jaycox  Member  is  all  that  can  be  seen  of  the  unit  due  to 
westward  erosional  overstep  by  the  Tichenor  (b)  across  Genesee  and  Erie  Counties. 
Note  large  Favosites  (some  overturned)  exposed  on  the  upper  surface  of  the  basal 
Jaycox  limestone.  Above  the  massive  calcarenitic  bed  (b)  of  the  Tichenor  are  thinner 
muddy  limestone  layers  (c)  which  are  a  condensed  stratigraphic  equivalent  of  the  Deep 
Run  and  Menteth  Members  developed  east  of  this  area. 
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Proposed  Stratigraphic  Revisions 


Central  and  West-Central  New  York 


It  is  proposed  that  the  name  Portland  Point  be  re¬ 
tained  but  be  redefined  to  include  only  the  limestone 
sequence  (Tichenor  and  Deep  Run-Menteth  equivalent 
limestone  beds)  from  the  type  section  on  Cayuga  Lake 
eastward.  As  so  redefined  the  type  section  of  the  Port¬ 
land  Point  encompasses  a  total  of  3. 0-4.0  feet  (91-121 
cm)  of  limestone  (minus  the  3.5-foot  R-C  bed).  The 
names  Tichenor,  Deep  Run,  and  Menteth  are  ex¬ 
tended  eastward  to  include  equivalent  strata  west  of 
the  Portland  Point  type  section  resulting  in  their  ex¬ 
tension  through  the  Seneca  Valley  and  most  of  the 
Cayuga  Valley. 

The  King  Ferry  Shale  Member  is  westwardly  cor¬ 
relative  with  the  Wanakah  and  Jaycox  Member,  and  it 
includes  shales  between  the  Ledyard  Member  and 
Tichenor-Portland  Point  carbonates  from  Seneca  Lake 
eastward. 

It  is  proposed  that  the  Kashong  Member  be  ex¬ 
panded  to  include  the  R-C  bed  (formerly  Portland 
Point  in  part)  and  subjacent  shales  occurring  between 


it  and  the  Menteth  Member  in  the  Seneca  and  Canan¬ 
daigua  Valleys.  It  is  also  proposed  that  9.5  feet  (2.9  m) 
of  Kashong  equivalent  sediments  between  the  base  of 
the  R-C  bed  and  the  Windom  Member  in  the  Owasco 
Valley  also  be  included  in  the  Kashong. 

The  top  of  the  Kashong  in  the  Owasco  and  Cayuga 
Valleys  is  here  designated  as  the  change  to  siltstones 
marking  the  beginning  of  the  basal  Windom  Am- 
bocoelia  umbonata-Devonochonetes  zone.  From  the 
Cayuga  Valley  west  to  the  Bristol  Valley  this  boundary 
is  set  at  the  base  of  a  thin,  persistent  siltstone  bed. 
From  the  Honeoye  Valley  to  Erie  County  the  top  of 
the  Kashong  is  set  as  a  regional  submarine  discon¬ 
tinuity  (phosphatic  pebble  bed)  which  coincides  with 
the  Kashong- Windom  faunal  change.  The  eastern  limit 
of  the  Kashong  is  set  east  of  the  Owasco  Valley  where 
there  is  a  facies  change  to  silty  shale  at  this  level.  East 
from  this  point  the  Kashong  and  Windom  are  lumped 
together  to  form  the  Cooperstown  Member.  These  re¬ 
visions  are  shown  schematically  in  Figure  10. 


Figure  10.  Summary  of  relationships  of  sedimentary  units.  See  text  for  details.  Figure  is  schemat¬ 
ic;  units  not  shown  to  true  vertical  scale. 


19 


Western  New  York 

Because  the  basal  limestone  bed  of  the  Portland 
Point  is  correlative  with  the  Tichenor  Limestone,  the 
base  of  the  Moscow  Formation  is  reset  (lowered)  to  the 
base  of  the  Tichenor  through  western  New  York,  thus 
placing  the  Tichenor  and  Deep  Run  Members  in  the 
Moscow  Formation  and  setting  the  base  of  that  forma¬ 
tion  at  a  regional  paraconformity  visible  for  more  than 
two  hundred  miles  across  New  York  State. 

A  calcareous  shale  between  the  Wanakah  and 


Tichenor  is  here  designated  the  Jayeox  Shale  Member 
with  a  type  section  on  Jayeox  Creek  in  Livingston 
County.  The  Jayeox  is  marked  at  the  top  by  the  basal 
Tichenor  discontinuity  and  at  the  base  by  grey  or  dark 
grey  Wanakah  shales.  This  member  outcrops  from  cen¬ 
tral  Erie  County  to  Seneca  Lake,  and  it  thickens  east¬ 
ward  reaching  a  maximum  thickness  of  52  feet  (16  m) 
at  Kashong  Creek.  The  name  Wanakah  is  retained  but 
the  member  is  restricted  to  include  only  shales  be¬ 
tween  the  Ledyard  Member  and  Jaycox-Tichenor 
Members  from  Lake  Erie  to  Seneca  Lake  (Fig.  10). 
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Significance  of 
Sedimentary  Patterns 


The  Hamilton  Group  is  a  detrital  wedge  reflecting 
major  sediment  influxes  from  the  east  and  its  compo¬ 
nent  formation  and  member  divisions  usually  thicken 
eastward  and  become  coarser  in  that  direction.  Carbo¬ 
nate  units  in  the  Hamilton,  including  the  Centerfield 
Member  (Kramers,  1970)  and  the  Portland  Point 
Member  (McCave,  1967,  1973),  terminate  eastward  in 
nearshore  settings  influenced  by  influxes  of  coarse  de¬ 
trital  sediments.  Similarly,  eastward  termination  of  the 
Tully  Formation  above  the  Hamilton  Group  is  partly 
due  to  this  effect  (Heckel,  1973). 

Discovery  of  a  major  pattern  of  eastward  con¬ 
vergence  and  thinning  of  no  less  than  four  adjacent 
members  (Tichenor,  Deep  Run,  Menteth,  and 
Kashong)  in  the  Moscow  Formation  is  significant  be¬ 
cause  it  runs  counter  to  this  regional  sedimentary 
trend.  Moreover,  eastward  disappearance  of  shale  se¬ 
quences  (Deep  Run  and  lower  Kashong)  with  conform¬ 
able  juxtaposition  of  the  Tichenor,  Menteth,  and  R-C 
beds  between  Cayuga  Lake  and  Lord’s  Corners  (Fig. 
6),  indicates  prolonged  sedimentary  condensation  in 
what  was  probably  a  very  stable  shelf  setting.  This 
supports  the  earlier  argument  of  McCave  (1967,  1973), 
that  Portland  Point  carbonates  in  central  New  York 
were  deposited  on  a  “sediment-starved”  stable  shelf. 
Sedimentary  condensation  is  indicated  particularly  by 
the  conformable  (nonerosional)  relationships  of  the 
three  juxtaposed  beds.  A  long  period  of  time  for  Port¬ 
land  Point-R-C  bed  deposition  is  implicit  from  the 
much  greater  thickness  of  equivalent  sediments  in  the 
Seneca  and  Canandaigua  Valleys,  and  it  is  also 
suggested  by  the  different  facies  of  the  three  beds 
which  record  separate  sedimentary  events  each  in  dif¬ 
ferent  environmental  settings. 

Westward  convergence  of  the  Tichenor  and  Menteth 
Members  across  Livingston  County  is  essentially  a 


mirror  image  of  their  eastward  convergence  across  the 
Seneca  and  Cayuga  Valleys.  Moreover,  near  juxtaposi¬ 
tion  of  the  Tichenor  and  Menteth  across  Genesee  and 
Erie  Counties  points  to  existence  of  a  stable  carbonate 
shelf  in  western  New  York  which  was  contemporane¬ 
ous  with  deposition  of  the  Portland  Point.  This  view  is 
strengthened  by  the  pattern  of  initial  rapid  westward 
thinning  of  the  Jaycox  Member  across  Ontario  and 
Livingston  Counties  followed  by  its  gradual  (exponen¬ 
tial)  attenuation  across  Genesee  and  Erie  Counties 
(Fig.  9).  This  pattern  coupled  with  convergence  of  the 
overlying  Menteth  and  Tichenor  Members  indicates  a 
westward  transition  to  a  condensed  stratigraphic  se¬ 
quence  analogous  to  that  in  the  Portland  Point. 

The  upper  Ludlowville-lower  Moscow  sedimentary 
sequence  in  the  Canandaigua-Seneca  Valley  region 
(Ontario  and  Seneca  Counties)  is  greatly  expanded  and 
it  records  both  differential  sedimentation  and  differen¬ 
tial  subsidence.  Development  of  thick  wedges  of 
muddy  shale  (Deep  Run,  Jaycox  members)  reflects  a 
pattern  of  more  continuous  sedimentation  in  a  lower 
energy  regime  in  deeper  water.  Differential  subsi¬ 
dence  of  this  region  apparently  served  as  a  clastic  trap 
for  incoming  muds  and  it  explains  the  lateral  transition 
from  Tichenor-basal  Portland  Point  calcarenites  to  low 
energy,  muddy  Tichenor  facies  in  the  Seneca  Valley. 

The  discontinuity  at  the  base  of  the  Tichenor  and 
Portland  Point  is  a  prominent  feature  extending  from 
Lake  Erie  into  eastern  New  York.  Although  the  break 
displays  paraconformable  character  in  outcrops  there  is 
evidence  of  regional  erosional  overstep  of  Ludlowville 
strata  (Jaycox  Member)  across  western  New  York.  This 
observation  coupled  with  the  great  observed  lateral  ex¬ 
tent  of  this  discontinuity  suggest  that  it  is  an  important 
hiatus  within  the  Middle  Devonian. 
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Appendix  1 

Locality  Register 

(all  quadrangles  1:24,000) 

1.  Eden  Quadrangle — Erie  lakeshore  bluffs  north 
and  south  of  the  mouth  of  Eighteenmile  Creek, 
2.5  to  3.5  miles  southwest  of  Wanakah. 

2.  Buffalo  southeast  Quadrangle — stream  bank 
(Smokes  Creek  north  branch)  50-200  feet  south  of 
(upstream  from)  Willett  Road  1.5  miles  southwest 
of  Ebenezer. 

3.  Orchard  Park  Quadrangle — low  falls  (Cazenovia 
Creek)  200  feet  upstream  from  Northrop  Road 
bridge  0.5  miles  west  of  Springbrook. 

4.  East  Aurora  Quadrangle- — low  falls  and  adjacent 
shale  banks  (Buffalo  Creek)  50  feet  upstream  from 
Bullis  Road  bridge  2  miles  west  of  Marilla. 

5.  Corfu  Quadrangle — waterfalls  and  adjacent  shale 
bank  (Elevenmile  Creek)  next  to  U.S.  Route  20 
overpass  1.5  miles  west  of  Darien  Center. 

6.  Alexander  Quadrangle — low  falls  on  Murder 
Creek  600  feet  north  of  U.S.  Route  20  overpass  in 
Darien  and  shale  banks  upstream  and  downstream 
along  creek. 

7.  Alexander  Quadrangle — low  falls  (Bowen  Creek) 
150  feet  north  of  and  shale  banks  900-2,200  feet 
south  of  county  road  bridge  1.0  mile  north  of 
U.S.  Route  20. 

8.  Batavia  South  Quadrangle — north-facing  roadcut 
on  east-west  county  road  just  west  of  Bethany 
town  dump  1.1  miles  northwest  of  Bethany 
Center. 

9.  Stafford  Quadrangle — shale  banks  along  White 
Creek  west  branch,  between  U.S.  Route  20  and 
N.Y.  Route  63,  and  very  small  roadcut  (Tichenor 
Member)  next  to  Route  63-White  Creek  overpass. 

10.  LeRoy  Quadrangle — waterfalls  and  adjacent  shale 
bank  1,200  feet  south  of  junction  of  U.S.  Route  20 
and  the  former  Delaware,  Lackawanna,  and 
Western  Railroad. 

11.  Leicester  Quadrangle — west-facing  shale  bank  on 
Little  Beard’s  Creek  0.9  miles  northeast  of  Leices¬ 
ter. 

12.  Geneseo  Quadrangle — Three  closely  spaced  water¬ 
falls  and  adjacent  shale  banks  along  Jaycox  Creek 
(south  branch)  2  miles  north-northeast  of  Geneseo 
and  1,300  feet  west  of  N.Y.  Route  39. 

13.  Canandaigua  Lake  Quadrangle — shale  banks  up¬ 
stream  and  downstream  from  the  high  falls  at 
Menteth  Gully  600  feet  west  of  West  Lake  Road. 

14.  Canandaigua  Lake  Quadrangle — bluffs  along  the 
east  shore  of  Canandaigua  Lake  0.8  miles  south  of 
Long  Point. 


15.  Canandaigua  Lake  Quadrangle — creek  banks  along 
Reed  Gully  between  0  and  0.8  miles  upstream 
(east)  from  N.Y.  Route  364  road  crossing  just 
south  of  Cottage  City. 

16.  Rushville  Quadrangle — waterfalls  30  feet  north  of 
U.S.  Route  20  on  small  creek  3  miles  south- 
southwest  of  Hopewell  Center  and  2  miles  west  of 
Aloquin. 

17.  Geneva  South  Quadrangle — high  falls  and  adja¬ 
cent  shale  banks  along  Kashong  Creek  0.9  miles 
west  of  N.Y.  Route  14. 

18.  Dresden  Quadrangle — bluffs  along  the  east  shore 
of  Seneca  Lake  between  1.0  and  1.6  miles  north 
of  Willard. 

19.  Dresden  Quadrangle — shale  banks  along  Indian 
Creek  between  N.Y.  Route  96A  and  the  east 
shore  of  Seneca  Lake. 

20.  Ovid  Quadrangle — creek  banks  along  Bloomer  and 
Mack  Creeks,  2  miles  east  of  Hayts  Corners  near 
the  east  edge  of  the  quadrangle. 

21.  Sheldrake  Quadrangle — Oak  Tree  Falls  and  shale 
banks  200  feet  upstream  from  it  along  Groves 
Creek,  4.5  miles  east  of  Ovid. 

22.  Sheldrake  Quadrangle — high  falls  and  adjacent 
shale  banks  on  Sheldrake  Creek,  0.7  miles  south¬ 
west  of  Sheldrake. 

23.  Sheldrake  Quadrangle — creek  banks  along  Paines 
Creek  between  high  falls  at  Black  Rock  and  low  (2 
foot)  waterfalls,  900  feet  upstream  from  Ledyard 
Road  crossing. 

24.  Ludlowville  Quadrangle — high  falls  and  adjacent 
creek  banks  along  Gulf  Creek,  1,000  feet  east  of 
Portland  Point. 

25.  Ludlowville  Quadrangle — west-facing  railroad  cut 
along  east  shore  of  Cayuga  Lake  1,500  feet  south 
of  Portland  Point. 

26.  Scipio  Center  Quadrangle — creek  banks  along  En- 
senore  Ravine  between  N.Y  Route  38  road  cross¬ 
ing  and  Keesey  Road  1.2  miles  south  of  Glen- 
wood  Beach. 

27.  Owasco  Quadrangle — east-facing  roadcut  on  N.Y. 
Route  38  at  Cascade. 

28.  Owasco  Quadrangle — small  roadside  quarry 
(Champney’s  Quarry  of  Smith,  1935)  with  small 
stream  running  through  it.  Locality  is  just  east  of 
Rockefeller-Amold  road  junction  0.5  mile  west  of 
Arnold. 
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29.  Owasco  Quadrangle — stream  banks  along  east- 
flowing  tributary  of  Dutch  Hollow  Brook  1  mile 
south  of  Niles. 

30.  Spafford  Quadrangle — stream  banks  and  waterfalls 
along  Bear  Swamp  Creek  1,200  feet  downstream 
from  Carpenters  Falls  and  0.5  mile  northeast  of 
North  New  Hope  School. 

31.  Otisco  Valley  Quadrangle — stream  hanks  and 
waterfalls  along  Bucktail  Ravine  1,000  feet  west  of 


the  junction  of  West  Lake  and  Sawmill  Roads. 

32.  South  Onondaga  Quadrangle — roadcut  on  N.Y. 
Route  80,  0.4  mile  south  of  Lord’s  Corners. 

33.  DeRuyter  Quadrangle — waterfalls  and  stream 
hanks  along  creek  west  of  the  north  end  of  De¬ 
Ruyter  Reservoir. 

34.  West  Eaton  Quadrangle — stream  hanks  along 
Stroud  s  Brook  0.4  mile  southwest  of  Lebanon. 
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Thompson  Institute,  Ithaca,  New  York  14853. — Type  material  in  the  New  York 
State  Museum  Insect  Collection  (including  Acarina)  is  catalogued.  The 
collection  contains  192  holotypes,  14  lectotypes,  240  syntypes,  45  allo¬ 
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Catalogue  of  the  Types  in  the  New  York  State  Museum  Insect 
Collection  (Including  Acarina) 


The  New  York  State  Museum  Insect  Collection  had  its  beginning  with 
Asa  Fitch,  first  state  entomologist  in  the  United  States.  Dr.  Fitch  was 
first  employed  by  the  state  in  1847  to  collect  and  name  specimens  of  New 
York  insects  for  the  State  Cabinet  of  Natural  History.  In  1854,  by  an  act 
of  the  Legislature,  Asa  Fitch  was  appointed  entomologist  of  the  State  Agri¬ 
cultural  Society  and  directed  to  make  an  examination  of  those  insects  in¬ 
jurious  to  vegetation.  Ultimately,  Fitch’s  collection  was  broken  up  and 
parts  sold  to  various  collectors  (Funkhouser,  1915)  with  some  of  his  types 
going  to  the  Museum  of  Comparative  Zoology,  the  National  Museum  of  Natural 
History,  and  to  the  New  York  State  Museum  (Horn  &  Kahle,  1935).  Fitch 
(1851)  published  a  list  of  his  Homoptera  types  deposited  in  the  State 
Museum.  Most  of  Fitch's  aphids  and  "small  forms"  were  destroyed  by  der- 
mestids  (Lintner,  1879).  Fitch's  membracid  types  have  received  red  rect¬ 
angles  in  agreement  with  Funkhouser's  conclusions  (Funkhouser,  1915).  Re¬ 
maining  Fitch  types  have  had  red  labels  subsequently  affixed  in  accord 
with  Fitch  notebook  numbers  mentioned  in  the  original  descriptions.  Felt 
(1910)  published  a  list  of  insect  types  in  the  State  Museum.  This  list 
was  incomplete  even  for  that  time  and  did  not  include  data  or  literature 
citations . 

In  1901,  the  insect  collection  and  library  of  J.  A.  Lintner  (State 
Entomologist,  1880-1898)  was  purchased  by  the  State  Museum.  The  collec¬ 
tion  comprised  chiefly  Lepidoptera,  especially  Noctuidae.  In  1898,  E.  P. 
Felt  was  appointed  State  Entomologist.  Dr.  Felt's  interest  was  in  gall 
makers  and  he  contributed  significantly  to  the  museum's  holdings  in  these 
groups  (especially  Cecidomyiidae) .  Felt's  cecidomyid  types  are  on  perma¬ 
nent  loan  to  the  National  Museum  of  Natural  History  and  are  not  included 
in  this  catalogue.  In  1907,  the  W.  W.  Hill  collection  of  Lepidoptera  was 
given  to  the  State  Museum.  More  recently,  in  1953,  the  Rochester  Academy 
of  Science  entomological  collection,  previously  housed  at  the  University 
of  Rochester,  was  transferred  to  the  State  Museum.  It  contained  11,855 
specimens,  mostly  student  collected,  and  labeled  simply  "Roch.,  N.Y."  The 
Moore  and  Wendt  collections  (8,602  specimens)  were  received  at  the  same 
time.  These  three  collections  constitute  practically  all  of  the  museum's 
holdings  for  western  New  York.  In  recent  years  the  collection  has  been 
added  to  by  the  staff  in  their  respective  fields  of  interest.  These  are 
the  Simuliidae,  Culicids,  and  the  Acarina,  collected  by  H.  Jamnback,  R. 

G.  Means  and  M.  D.  Delfinado,  respectively.  S.  Reeve  Nevin  (1974)  stated 
in  his  original  description  that  his  types  of  Dentachipteria  ringwoodensis 
and  Dentachipteria  highlandensis  (both  Acarina)  were  to  be  deposited  in 
the  New  York  State  Museum  Collection;  however,  these  two  types  are  in  the 
collection  of  the  National  Museum  of  Natural  History. 

Early  workers  ordinarily  did  not  state  type  deposition  for  their  ma¬ 
terial.  Many  did  not  select  a  single  specimen  as  type;  their  species' 
descriptions  being  a  composite  of  all  the  material  before  them  with  each 
specimen  bearing  the  label  "type."  For  all  specimens  labeled  as  "type"  we 
have  checked  the  original  description  to  determine  if  it  was  unique  or 
part  of  a  series.  If  it  was  unique,  we  have  called  it  the  holotype;  if 
one  of  a  series,  we  refer  to  it  as  a  syntype.  Frequently,  the  original 
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description  does  not  indicate  how  many  specimens  were  before  the  author. 

In  this  instance  we  have  also  used  syntype.  Locating  types  is  one  of  the 
time  consuming  tasks  of  a  taxonomist.  It  is  hoped  the  present  catalogue 
will  provide  needed  information  on  types  for  taxonomists  who  are  revising 
groups . 

The  catalogue  is  arranged  systematically  by  order.  Next,  the  species, 
subspecies,  or  form  name  is  listed  alphabetically,  depending  on  which  taxon 
is  represented  by  type-material.  This  arrangement  is  similar  to  recent 
catalogues  of  DeRuette  (1970),  McNamara  (1977)  and  Hoebeke  (1978),  but  in 
the  present  catalogue  the  genus  is  not  used  for  alphabetizing.  Individual 
labels  are  separated  from  each  other  by  a  diagonal  (/) .  Lines  within  each 
label  are  not  separated.  Data  has  been  reproduced  as  close  as  possible  to 
that  of  the  original  label:  code  numbers,  original  spelling  errors,  and 
punctuation  peculiarities  are  duplicated.  Space  does  not  permit  details 
on  handwriting  patterns  or  label  construction,  often  of  importance  in 
establishing  the  validity  of  a  type,  but  with  the  replication  that  is  pos¬ 
sible  it  is  hoped  that  some  of  these  questions  are  answered.  Many  speci¬ 
mens  in  the  State  Museum's  collection  have  lectotype  labels  affixed,  how¬ 
ever,  it  is  not  known  if  these  designations  were  ever  published.  We  have 
marked  the  more  dubious  entries  with  a  (?)  when  we  were  uncertain  of  the 
validity  of  the  designation.  Information  enclosed  in  brackets  are  from  a 
source  other  than  the  specimen  label. 

There  are  193  holotypes,  13  lectotypes,  240  syntypes,  45  allotypes, 

501  paratypes,  and  19  paralectotypes .  The  current  name,  when  different 
from  that  of  the  original  description,  appears  in  italics  in  brackets. 


CATALOGUE  OF  THE  TYPES 
EPHEMEROPTERA 
S IPHLONURIDAE 

Siphlonisca  aerodromia  Needham,  1908,  N.Y.S.  Mus .  Bull.  134:72. 

Syntype,  1:  Sacandaga  Pk.  N.Y.  6-vi-1908/  Siphlonisca  aerodromia 

Ndm.  Type/  N.Y.S.  Coll.  1908.  [Wings  on  slide,  slide  label  as 
follows:  Type  Siphlonisca  aerodromia  Ndm/  Sacandaga  Pk.  Dr. 

Felt  Lab  194  a.  1927  Siphlonisca  aerodromia  Ndm.  Type  113  no. 

133  (remainder  in  alcohol) ] . 

ODONATA 

LIBELLULIDAE 

Cordulia  lintneri  Hagen,  1878,  in  Selys,  Bull.  Acad.  Belg.  (2),  45:187. 
Syntype,  1:  V.  27/  & /  2839/  Cordulia  lintneri  <*?  Type/  +  Cordulia 

lintneri  Hag  2839.  2840  splendid'./  Cordulia  lintneri  cf  Type- 
Hagen,  Type  in  Mus.  Comp.  Zobl.  Cambridge/  Williamsonia  lintneri 
Hagen  Type. 
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HETEROPTERA 


ALEYRODIDAE 

Aleyrodes  pruinosus  euphorbiarum  Cockerell,  1911,  Ent .  News  22:462. 
Syntypes:  Glenwood  Springs,  Colo.  1911  N.Y.S.  Coll./  Aleyrodes 

pruinosus  euphorbiarum  Ckll  -  cotypes  [many  syntypes  on  paper 
strip] . 


APHID IDAE 

Lachnus  abietis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.: 67. 

Holotype :  No.  854  ?.  DESTROYED. 

[Cinara  abietis  (Fitch)] 

Lachnus  alnifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 67 . 
Holotype:  No.  857  DESTROYED. 

[Pterocallis  alnifoliae  (Fitch)] 

Aphis  asclepiadis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 65 . 

Holotype:  No.  845  DESTROYED. 

Aphis  berberidis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 65 . 
Holotype:  No.  842  <f . 

Allotype:  No.  843  ?. 

[Liosomaphis  berberidis  (Fitch)] 

Aphis  betulaecolens  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 66 . 
Holotype:  No.  848  DESTROYED. 

[Calaphis  betulaecolens  (Fitch)] 

Aphis  cerasicolens  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 65 . 
Holotype:  No.  841  DESTROYED. 

[Rhopalosiphum  cerasicolens  (Fitch)] 

Aphis  cornifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 65 . 
Holotype:  No.  846  ?.  DESTROYED. 

Aphis  crataegifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 66 . 
Holotype:  No.  847  d*.  DESTROYED. 

[Nearctaphis  crataegifoliae  (Fitch)] 

Aphis  gladioli  Felt,  1901,  N.Y.S.  Mus.  Bull.  134:19. 

Syntypes:  Berlin,  N.Y.  July,  ’ 08 (all864) (on  gladioli)  [many 

specimens  on  nine  slides] . 

[Dys aphis  tulipae  Boyer  de  Fonscolombe] 

Brysocrypta  hamamelidis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 69 . 
Holotype:  No.  869  . 

Paratypes,  2:  No.  870  larva.  No.  871  follicle. 

[Hormaphls  hamamelidis  (Fitch)] 

Brio soma  imbricator  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 68 . 
Holotype:  No.  864  <*. 

Paratypes,  2:  No.  865  ??,  No.  866  larva. 

[Fagiphagus  imbricator  (Fitch)] 

Aphis  pinicolens  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 66 . 
Holotype:  No.  851  tf.  DESTROYED. 

[Euceraphis  mucida  (Fitch)] 

Aphis  populifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 66 . 
Holotype:  No.  852  <f .  DESTROYED. 

[Pterocomma  populifoliae  (Fitch)] 
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Eriosoma  pyri  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.: 68. 

Holotype:  No.  862. 

[ Prociphilus  alnifoliae  fitchii  Baker  &  Davidson] 

Lachnus  quercifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:67. 
Holotype:  No.  855  cf.  DESTROYED. 

[Chaitophorus  quercifoliae  (Fitch)] 

Aphis  rudbeckiae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:66. 
Holotype:  No.  853. 

[Uroleucon  rudbeckiae  (Fitch)] 

Lachnus  salicellis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:67. 
Holotype:  No.  856  cf.  DESTROYED. 

[Lachnus  salicellus  Fitch] 

Aphis  sambucifoliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:67. 
Holotype:  No.  850  cf.  DESTROYED. 

[Aphis  sambuci  Linnaeus] 

Eriosoma  strobi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:69. 

Holotype:  No.  867  cf.  DESTROYED. 

Allotype:  No.  868  ?.  DESTROYED. 

[Cinara  strobi  (Fitch)] 

Eriosoma  tesselata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:68. 
Holotype:  No.  863. 

[Prociphilus  tesselata  (Fitch)] 

CERCOPIDAE 

Clastoptera  proteus  cincticollis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat. 
Hist . : 54 . 

Syntypes,  4:  1)  No.  725/Var.a.  2)  No.  726/Var.b.  [missing- 

destroyed?].  3)  No.  727/Var.c.  4)  No.  728/Var.d.  [missing- 

destroyed?]  . 

[Clastoptera  proteus  Fitch] 

Clastoptera  proteus  flavicollis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat. 
Hist . : 54 . 

Syntypes,  2:  1)  No.  723/Var.a.  2)  No.  724/Var.b. 

[Clastoptera  proteus  Fitch] 

Clastoptera  proteus  maculicollis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat. 
Hist . : 54 . 

Syntypes,  3:  1)  No.  729/Var.a.  2)  No.  730/Var.b.  3)  No.  731/Var.c 

[Clastoptera  proteus  Fitch] 

Clastoptera  proteus  nigricollis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat. 
Hist . : 55 . 

Syntypes,  4:  1)  No.  733/Var.a.  2)  No.  734/Var.b.  3)  No.  735/Var.c 

4)  No.  736/Var . d . 

[Clastoptera  proteus  Fitch] 

Clastoptera  pini  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:53. 
Holotype:  No.  719  cf. 

Paratypes,  2:  1)  No.  720/Var.a.  2)  No.  721/Var.b. 

[Clastoptera  testacea  Fitch] 

Clastoptera  proteus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:54. 
Holotype:  No.  Ill  ?. 

Lepyronia  saratogensis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:53. 
Holotype:  No.  710  cf. 

Allotype:  No.  711  ?. 
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[Aphrophora  saratogensis  (Fitch)] 

Clastoptera  testacea  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:53. 
Holotype:  No.  715. 


CICADELLIDAE 

Athysanus  abietis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:60. 
Holotype:  No.  793  ?. 

[ Oncopsis  variabilis  (Fitch)] 

Erythroneura  affinis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:63. 
Holotype:  No.  822  ?.  DESTROYED. 

Idiocerus  alternatus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 
Holotype:  No.  779  <*. 

Allotype:  No.  780  ?. 

Penthemia  americana  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:57. 
Holotype:  No.  760  cr. 

Allotype:  No.  761  ?. 

Platymetopius  angustatus  Osborn,  1905,  20th  Rpt.  N.Y.S.  Ent.:518. 

Syntype,  1:  Cold  Spring  Harb'r  Aug  18,  1904  N.Y.S.  Coll.  Pine/ 
Platymetopius  angustatus  Osborn  Type. 

[Scaphytopius  (Cloanthanus)  angustatus  (Osborn)] 

Empoa  coccinea  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:63. 

Holotype:  No.  829  cr.  DESTROYED. 

[Empoasca  coccinea  (Fitch)] 

Helochara  communis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:56. 
Holotype:  No.  753  o'. 

Allotype:  No.  754  ?. 

Amblycephalus  curtisii  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:61. 
Holotype:  No.  798  cr. 

Allotype:  No.  799  ?. 

[Amblysellus  curtisii  (Fitch)] 

Thamnotettix  exquisitos  Osborn,  1905,  20th  Rpt.  N.Y.S.  Ent.:534. 

Syntypes,  2:  1)  Type/  Hamburg,  N.Y.S.  Co.  H.O.  8*8*04/ 

Thamnotettix  exquisitos  Osb.  =  collaris  Ball?  H.O./ 
det.  Osborn.  2)  Type/  Hamburg  N.Y.S.  Co.  H.O.  8*8*04/ 

Det.  Osborn. 

[Thamnotettix  collaris  Ball] 

Athysanus  fagi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:61. 

Holotype:  No.  796  ?. 

[Oncopsis  fagi  (Fitch)] 

Athysanus  fenestratus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:60. 
Holotype:  No.  794. 

[Oncopsis  fitchi  Van  Duzee] 

Gypona  flavilineata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:57. 
Holotype:  No.  757  cr. 

Allotype:  No.  758  ?. 

[Gyponana  flavilineata  (Fitch)] 

Jassus  fulvidorsum  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:62. 
Holotype:  No.  816  . 

Allotype:  No.  817  ?. 

[Paraphlepsius  fulvidorsum  (Fitch)] 

Platymetopius  fulvus  Osborn,  1905,  20th  Rpt.  N.Y.S.  Ent.:519. 

Syntype,  1:  Cold  Spring  H’rb'r  N.Y.  Aug  18,  1904  N.Y.S.  Coll.  Pine/ 


5 


Platymetopius  fulvus  Osb .  Type/Type. 

[Scaphytopius  (Cloanthanus )  fulvus  (Osborn)] 

Gypona  geminata  Osborn,  1905,  20th  Rpt.  N.Y.S.  Ent.:513. 

Syntypes,  2:  1)  Cold  Spring  Harbor,  N.Y.  Aug  18,  1904  N.Y.S.  Coll. 

Pine/  Gypona  geminata  Osb.  Type  <*/  H.  Osborn  Collector.  2)  [same 
data,  no  sex  determination]. 

[Gyponana  octolineata  (Say)] 

Idiocerus  lachrymalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:58. 
Holotype:  No.  773  cc. 

Allotype:  No.  774  ?. 

Idiocerus  maculipennis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 
Holotype:  No.  781  ?.  DESTROYED. 

[idiocerus  fitchi  Van  Duzee] 

Amblycephalus  melsheimerii  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:61 
Holotype:  No.  805  DESTROYED. 

Allotype:  No.  806  ?. 

[Laevicephalus  melsheimerii  (Fitch)] 

Athysanus  minor  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:60. 

Holotype:  No.  795. 

[Oncopsis  fitchi  Van  Duzee] 

Athysanus  nigrinasi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:61. 
Holotype:  No.  797. 

[Oncopsis  nigrinasi  (Fitch)] 

Aulacizes  noveboracensis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:56. 
Holotype:  No.  752  $. 

[Draeculacephala  noveboracensis  (Fitch)] 

Platymetopius  obscurus  Osborn,  1905,  Ohio  Nat.  5:274. 

Syntype,  1:  Greensburg,  Pa./  Platymetopius  obscurus  Osborn  cotype. 
[Scaphytopius  magdalensis  (Provancher) ] 

Scaphoideus  opalinus  Osborn,  1905,  20th  Rpt.  N.Y.S.  Ent.:525. 

Syntype,  1:  Cold  Spring  Harbor  Aug  18,  1904  N.Y.S.  Coll./ 

Scaphoideus  opalinus  Osb  Type. 

Evacanthus  orbitalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:57. 
Holotype:  No.  756  . 

[Evacanthus  acuminatus  (Fab.)] 

Idiocerus  pallidus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 

Holotype:  No.  783  ?.  DESTROYED. 

Empoa  querci  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:63. 

Holotype:  No.  828  ?.  DESTROYED. 

Amblycephalus  sayii  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.: 61. 
Holotype:  No.  800  cf. 

Allotype:  No.  801  ?. 

[Latalus  sayii  (Fitch)] 

Gypona  scarlatina  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:57. 

Holotype:  No.  759  ?  [apparently  missing  -  we  have  an  unlabeled  ?  in 
numerical  order  of  759] . 

[Ponana  scarlatini  (Fitch)] 

Bythoscopus  strobi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:58. 
Holotype:  No.  771  DESTROYED. 

Allotype:  No.  772  $. 

[Paraphlepsius  strobi  (Fitch)] 

Idiocerus  suturalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 
Holotype:  No.  782  ?.  DESTROYED. 
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Bythoscopus  tergatus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 
Holotype:  No.  766  d*. 

[Chlorotettix  unicolor  (Fitch)] 

Erythroneura  tricincta  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:63. 
Holotype:  No.  823  ?.  DESTROYED. 

Pediopsis  trimaculatus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:60. 
Holotype:  No.  785  ?. 

[Macropsis  trimaculata  (Fitch)] 

Tettigonia  tripunctata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:55. 
Holotype:  No.  742  d*. 

[Plesiommata  tripunctata  (Fitch)] 

Bythoscopus  unicolor  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:58. 
Holotype:  No.  767  ?. 

[Chlorotettix  unicolor  (Fitch)] 

Athysanus  variahilis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:60. 
Holotype:  No.  786  ?. 

[Oncopsis  variahilis  (Fitch)] 

Pediopsis  viridis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:59. 
Holotype:  No.  784  ?. 


[Macropsis  viridis  (Fitch)] 

Acocephalus  vitellinus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:57. 
Holotype:  No.  762  o'. 

[Fitchana  vitellina  (Fitch)] 

Erythroneura  vulnerata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:62. 
Holotype:  No.  819  d*. 

Allotype:  No.  820  ?. 


COCCOIDEA 

Ceroplastidia  bruneri  Cockerell,  1910,  Can.  Ent.  42:76. 

Syntypes:  San  Bernardino,  Paraguay,  S .A. (Bruner) (part  of  type)/ 

Ceroplastidia  bruneri  Ckll.  Type  material/  N.Y.S.  Coll. 

Diaspis  cacti  Comstock,  1883,  2nd  Rpt.  Cornell  Univ.  Exp.  Sta.  Dept. 
Ent. : 91 . 

Syntypes:  Comstock  No.  181  [sp?]/  J.  A.  Lintner  Collection/ 

Diaspis  cacti  Comstock  Type  9012. 

Poliaspis  carissae  Cockerell,  1902,  Entomologist  35:112. 

Syntypes:  On  Carissa,  Durban,  Natal,  Africa,  T.D.A.  Cockerell 
Types  Poliaspis  carissae  Ckll./  "Type"  Ac.  9652. 

Fiorinia  carnelliae  Comstock,  1880,  Rpt.  U.S.D.A. :329. 

Syntype:  J.  A.  Lintner  Coll./  det.  as  Parlatoria  pergandii  var. 

carnelliae  Comst.  8558/  Uhleria  carnelliae  Comst.  Type. 

Lecanium  caryae  Fitch,  1856,  Rpt.  Ins.  N.Y.  3:443. 

Syntypes:  Hickory  scale-insect  and  its  chalk  mark  on  the  bark 

Lecanium  caryae/  Coll.  N.Y.  State  Agric.  Soc./  Lecanium 
caryae  Fitch  labeled  by  Dr.  Fitch. 

Aspidiotus  cerasi  Fitch,  1856,  Rpt.  N.Y.  State  Agric.  Soc.:368. 

Syntypes:  Cherry  Scale  Insect.  Aspidiotus  cerasi/  Coll.  N.Y. 
State  Agric.  Soc. 

Eriopeltis  coloradensis  Cockerell,  1905,  Can.  Ent.  37:136. 

Syntypes:  Boulder,  Colo.  Dec-1904  N.Y.S.  Coll./  Type/  Eriopeltis 
coloradensis  Ckll.  9862  Type  Mat’l. 
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Pseudococcus  cuspidatae  Rau,  1937,  Bull.  Brooklyn  Ent .  Soc.  32:195. 
Paratypes,  4:  N.J.  [slide  mount]. 

Coccus  diversipes  Cockerell,  1907,  Davenport  Proc.  Acad.  Nat.  Sci.  10:130. 
Syntypes:  Coccus  diversipes  Ckll  on  fern,  Lucena,  Philippines  Is. 

(Townsend)/  Coccus  diversipes  Ckll  Type  Material/  Sept  27  *06/ 
9894. 

Aspidiotus  furfurus  Fitch,  1856,  Rpt.  N.Y.S.  Agric.  Soc.:352. 

Syntypes:  Scurfy  Bark  Louse  Aspidiotus  furfurus/  Coll.  N.Y.  State 

Agric.  Soc. 

Chionaspis  gleditsiae  Sanders,  1903,  Ohio  Nat.  3:413. 

Syntype,  1:  Chionaspis  gladitsiae  Sand.  Cotype  Columbus,  Ohio 

11  Mar.  1903  on  Gleditsia  triacenthos  cotype  [slide  mount]. 
Tachardiella  glomerella  Cockerell,  1905,  Ent.  News  16:52. 

Syntypes:  Mesilla  Val.,  N.M.  Dec-1904  N.Y.S.  Coll./  Tachardiella 
glomerella  Ckll.  Type  Matl.  ac.  9863. 

Halimococcus  lampas  Cockerell,  1902,  Entomologist  35:15. 

Syntypes:  Durban,  Natal,  Africa  22-Dec-1902  N.Y.S.  Coll./ 

Halimococcus  lampas  Ckll.  Cotype  9653  [3  palm  leaf  samples]. 
Pseudococcus  ledi  Cockerell,  1911,  Ent.  News  22:217. 

Syntypes,  4:  1,2,3)  Sand  Lake,  N.Y.  14  July  1910  N.Y.S.  Coll. 

Cotypes  9811  [3  branch  samples].  4)  Sand  Lake,  N.Y.  July  14, 
1910  C.  H.  Peck  on  ledum  cotype  9811  [slide  mount]. 

Drosicha  lichenoides  Cockerell,  1913,  Jour.  Econ.  Ent.  6:142. 

Syntypes:  Cotypes  Drosicha  lichenoides  Ckll.  On  Ficus  nota, 

Los  Banos,  Phillippine  Is.,  1912.  Coll.  C.  F.  Baker 
Sent  by  T.D.A.  Cockerell  9820. 

Chionaspis  lintneri  Comstock,  1883,  2nd  Rpt.  Cornell  Univ.  Exp.  Sta. 

Dept.  Ent.,  Cornell  Univ.: 103. 

Syntypes:  Aspidotus  on  Viburnum  lantanoides/  Comstock  No.  251/ 

J.  A.  Lintner  Coll./  Chionaspis  lintneri  Comst.  Type  8557. 
Chionaspis  micropori  Marlatt,  1908,  Wash.  Tech.  Ser.  U.S.D.A.  Ent.  16:25. 
Paratypes:  China,  Chionaspis  micropori  Marlatt.  Part  of  type  see 

orig.  descr.  for  details./  Type  material  to  N.Y.  Coll.?/ 
Chionaspis  micropori  Marl.  Type  Material. 

Phenacaspis  natalensis  Cockerell,  1902,  Ann.  Mag.  Nat.  Hist.  9(7) : 25 . 

Syntypes:  Phenacaspis  natalensis  Ckll.  Type  Material/  9651  [leaf 
sample] . 

Aspidiotus  pinifoliae  Fitch,  1855,  Rpt.  N.Y.S.  Agric.  Soc.:488. 

Syntypes:  Pine-leaf  Scale-insect  Aspidiotus  pinifoliae/  Coll.  N.Y. 

State  Agric.  Soc. 

Lecanium  pgri  Fitch,  1854,  Trans.  N.Y.S.  Agric.  Soc . : 809 . 

Syntypes:  Pear  Scale  Insect  Lecanium  pyri/  Coll.  N.Y.  State  Agric. 

Soc . 

Lecanium  quercifex  Fitch,  1858,  Trans.  N.Y.S.  Agric.  Soc . : 805 . 

Syntypes:  White  Oak  Scale-Insect  Lecanium  querci/  Coll.  N.Y.  State 
Agric.  Soc.  [Although  labeled  L.  querci,  Comstock  believed 
this  to  be  the  specimen  before  Fitch  when  he  described  L. 
quercifex  (see  2nd  Rpt.  Cornell  Univ.  Agric.  Exp.  Sta.: 134)]. 
Lecanium  quercitronis  Fitch,  1858,  Trans.  N.Y.S.  Agric.  Soc . : 805 . 

Syntypes:  Quercitron  Scale-Insect  Lecanium  quercitronis/  Coll.  N.Y. 

State  Agric.  Soc. 

Coccus  salicis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist . : 69 . 

Syntype:  No.  873.  Willow  Coccus  C.  salicis  Fh . /  Coll.  N.Y.  State 
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Agric.  Soc./  Coccus  salicis  Fitch  1491/  Det.  J.  G.  Sanders 
Jan  1915  Washington,  D.C./  Lecanium  corni  Bouch  det.  Sanders. 
Ceroplastes  sanguineus  Cockerell,  1905,  Ent.  News  16:162. 

Syntype:  Paraguay,  S.A.  Nov-1908,  N.Y.S.  Coll./  Ceroplastes 

sanguineus  Ckll.  Part  of  Type.  Villa  Encarnacion  Paraguay 
(Schrotky)  9798/  Ceroplastes  sanguineus  Ckll.  Type  Material. 
Chionaspis  spartinae  Comstock,  1883,  2nd  Rpt.  Cornell  Univ.  Exp.  Sta. 

Dept .  Ent . : 106 . 

Syntypes:  J.  A.  Lintner  Coll./  Chionaspis  spartinae  Comst.  Type  8559. 
Pulvinaria  occidentalis  subalpina  Cockerell,  1910,  Jour.  Econ.  Ent. 

3(5): 428 . 

Syntypes:  Pulvinaria  occidentalis  subalpina  Ckll.  Part  of  type 

Ac.  9877  (immature  ?, _ ). 

Coccus  tiliae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:69. 

Syntype:  No.  874  [missing-destroyed?]. 

Triongmus  violascens  Cockerell,  1913,  Jour.  Econ.  Ent.  6:143. 

Syntype:  Trionymus  violascens  Ckll.  Part  of  type  9_19. 

Icerga  zeteki  Cockerell,  1914,  Jour.  Econ.  Ent.  7:148. 

Syntypes:  Panama  Canal  Zone/  9866/  Icerya  zeteki  Ckll.  cotypes 
[many  on  paper  strip] . 


FULGORIDAE 

Delphax  arvensis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:46. 

Holotype:  No.  622  [includes  slide  of  genitalia]  . 

Allotype:  No.  623  ?. 

[Delphacodes  arvensis  (Fitch)] 

Delphax  dorsalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:46. 

Holotype:  No.  621  <*. 

[Stenocranus  dorsalis  (Fitch)] 

Stenocranus  felti  Van  Duzee,  1910,  Trans.  Am.  Ent.  Soc.  36:88. 

Syntype,  1:  Speculator,  N.Y.  20  July,  1909  N.Y.S.  Coll./ 

D.  B.  Young  Collector/  Stenocranus  felti  Van  Duzee  cotype. 

Cixius  impunctatus  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:46. 
Holotype:  No.  618  [wings  only]. 

[Catonia  impunctata  (Fitch)] 

Otiocerus  kirbgii  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:46. 
Holotype:  No.  633  o'.  DESTROYED. 

Allotype:  No.  634  ?.  DESTROYED. 

Stobaera  pallida  Osborn,  1905,  Ohio  Nat.  5:375. 

Syntype,  1:  Cold  Spr.  H’rb’r  N.Y.  Aug.  18,  1904  N.Y.S.  Coll./ 
Stobaera  pallida  Osb.  Type/  Det.  Osborn. 

Cixius  pini  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:45. 

LECT0TYPE,  present  designation:  A  &  specimen  bearing  the  following 
label:  No.  616  <*.  [J.  P.  Kramer  has  examined  the  type  series 

and  indicated  this  specimen  as  lectotype;  the  lectotype  designa¬ 
tion  is  hereby  accredited  to  J.  P.  Kramer]. 

Paralectotype :  No.  617  ?. 

Poeciloptera  (?)  vulgaris  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:47. 
Holotype:  No.  640  ?  (J.  S.  Caldwell  dissection  -  <?) . 

Allotype:  No.  639  (J.  S.  Caldwell  dissection  -  ?). 

[Lamenia  vulgaris  (Fitch)] 
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MEMBRACIDAE 


Smilia  auriculata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:49. 
Holotype:  No.  676  <* . 

[Archasla  galeata  (Fab.)] 

Uroxiphus  caryae  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:52. 
Holotype:  No.  700  cf. 

Allotype:  No.  701  ?. 

[Microcentrus  caryae  (Fitch)] 

Smilia  castanea  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:49. 
Holotype:  No.  669  o'. 

Allotype:  No.  670  ?. 

[Atymna  castanea  (Fitch)] 

Telamona  concava  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:50. 
Holotype:  686  ?. 

Telamona  coryli  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:51. 
Holotype:  No.  690  ?. 

[Telamona  tristis  Fitch] 

Thelia  crataegi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:52. 
Holotype:  No.  697  ?. 

[Glossonotus  crataegi  (Fitch)] 

Tragopa  dorsalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:52. 
Holotype:  No.  698  cc. 

Allotype:  No.  699  ?. 

[Micrutalis  dorsalis  (Fitch)] 

Telamona  fagi  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist. :51. 

Holotype:  No.  687  <*. 

[Heliria  fagi  (Fitch)] 

Telamona  fasciata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:50. 
Holotype:  No.  685  $. 

[Telamona  uni  col  or  Fitch] 

Cyrtosia  fenestrata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:49. 
Holotype:  No.  678  ?. 

Allotype:  [No.  678  (bis)]  ?. 

[Cyrtolobus  fenestrata  (Fitch)] 

Smilia  vittata  guttata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:49. 
Holotype:  No.  675. 

[Smilia  camelus  Fab.] 

Cyrtolobus  parvulus  Woodruff,  1924,  Jour.  N.Y.  Ent.  Soc.  32:31. 

Paratypes,  2:  N.Y.  [not  cited  in  original  description]. 

Smilia  querci  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:49. 

Holotype:  No.  672  cf. 

[Atymna  querci  (Fitch)] 

Telamona  querci  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.: 51. 
Holotype:  No.  691  <*. 

Allotype:  No.  692  ?. 

[Telamona  monticola  (Fab.)] 

Telamona  reclivata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:51. 
Holotype:  No.  693. 

Entilia  sinuata  torva  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:47. 
Holotype:  No.  647. 

[Entylia  carinata  (Forster)] 
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Telamona  tristis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:51. 
Holotype:  No.  689. 

Telamona  unicolor  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:50. 
Holotype:  No.  684  ?. 

PSYLLIDAE 

Psylla  annulata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 
Holotype:  No.  834  </.  DESTROYED. 

Allotype:  No.  835  ?.  DESTROYED. 

Psylla  carpini  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 
Holotype:  No.  832  a.  DESTROYED. 

Allotype:  No.  833  5.  DESTROYED. 

Livia  femoralis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 
Holotype:  No.  838  ?.  DESTROYED. 

Psylla  quadrilineata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 
Holotype:  No.  831  ?.  DESTROYED. 

Psylla  tripunctata  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 

Holotype:  No.  830  ?.  DESTROYED. 

Livia  vernalis  Fitch,  1851,  4th  Rpt.  N.Y.S.  Cab.  Nat.  Hist.:64. 
Holotype:  No.  836  tf.  DESTROYED. 

Allotype:  No.  837  ?.  DESTROYED. 

TINGIDAE 

Corythuca  betulae  Drake,  1918,  in  Gibson,  Trans.  Amer.  Ent.  Soc.  44:86. 
Paratype,  1:  N.Y. 

[ Corythuca  pallipes  Parshley] 

THYSANOPTERA 

Asprothrips  raui  Crawford,  1938,  Proc.  Ent.  Soc.  Wash.  40:110. 

Paratype,  1:  N.Y.  [one  slide  with  several  specimens] . 


COLEOPTERA 

CANTHARIDAE 

Podabrus  intrusus  Green,  1947,  Trans.  Amer.  Ent.  Soc.  73:67. 
Paratypes,  9:  N.Y. 

Podabrus  planulus  Green,  1947,  Trans.  Amer.  Ent.  Soc.  73:63-76. 
Paratypes,  3:  N.Y. 


CARABIDAE 

Dicaelus  sculptilus  upiodes  Ball,  1959,  Mem.  Amer.  Ent.  Soc.  16:144. 
Paratype,  1:  S.D. 

CERAMBYCIDAE 

Saperda  imitans  Felt  &  Joutel,  1904,  N.Y.S.  Mus.  Bull.  74:58. 
Syntypes,  2:  Montreal,  Can.  N.Y.S.  Coll. 
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CHRYSOMELIDAE 


Paria  arizonensis  Wilcox,  1957,  N.Y.S.  Mus.  Bull.  365:29. 

Paratypes,  2:  Ariz. 

Syneta  extorris  borealis  Brown,  1961,  Can.  Ent.  93:968. 

Paratypes,  2:  Me. 

Haltica  brisleyi  Gentner,  1928,  Trans.  Amer.  Ent.  Soc.  54:59. 
Paratypes,  1:  Ariz. 

[ Altica  brisleyi  (Gentner)] 

Exora  californica  Wilcox,  1953,  Ohio  Jour.  Sci.  53(1) :52. 

Paratype,  1:  Cal. 

Exema  mormona  Karren,  1966,  Univ.  Kansas  Sci.  Bull.  44:659. 
Paratypes,  2:  Kans. 

Luperaltica  nitida  Wilcox,  1953,  Ohio  Jour.  Sci.  53(1) :56. 
Paratypes,  7:  Tex. 

Chlamisus  platani  Brown,  1952,  Can.  Ent.  84:338. 

Paratype,  1:  N.Y. 

[Neochlamisus  platani  (Brown)] 

Triarius  santarosarium  Wilcox,  1953,  Ohio  Jour.  Sci.  53(1) :51. 
Paratype,  1:  Cal. 

[Triarius  melanolomatus  Blake] 

CURCULIONIDAE 

Hylobius  radicis  Buchanan,  1934,  Proc.  Ent.  Soc.  Wash.  36:252. 
Paratypes,  4:  N.Y. 

Zeugonyx  sabinae  Notman,  1922,  Jour.  N.Y.  Ent.  Soc.  30:129. 

Holotype:  Austin,  Tex.  Mar.  29,  1919  N.Y.S.  Coll./  Type 
Zeugonyx  sabinae  Notman. 

[Nanophyes  sabinae  (Notman)] 

EROTYLIDAE 

Dacne  cyclochilus  Boyle,  1954,  Jour.  N.Y.  Ent.  Soc.  62:51. 
Paratypes,  2:  Utah. 

HALIPLIDAE 

Haliplis  connexus  Matheson,  1912,  Trans.  Amer.  Ent.  Soc.  3:325-344. 
Paratypes,  4:  N.Y. 

LAMPYRIDAE 

Pyractomena  dispersa  Green,  1957,  Wasman  Jour.  Biol.  15(2) :279. 
Paratypes,  2:  N.Y. 

[Lecontea  dispersa  (Green)] 

SCARABEIDAE 

Diplotaxis  protensa  Fall,  1932,  Jour.  N.Y.  Ent.  Soc.  40:193. 

Syntypes,  8:  1)  Bent,  N.  Mex.  1-15-VIII-27 .  2)  [same  data] 

15-30-VI-27 .  3,4)  [same  data]  1-15-V-27 .  5-8)  Mescalera 

Res.,  N.M.  VII  1927. 
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[ Diplotaxis  belfragei  (Fall)] 


MECOPTERA 

PANORPIDAE 

Panorpa  acuta  Carpenter,  1931,  Bull.  Mus .  Comp.  Zool.,  Harvard  72:253. 
Paratypes,  2:  N.Y. 

Panorpa  elaborata  Carpenter,  1931,  Bull.  Mus.  Comp.  Zool.,  Harvard  72:239. 
Paratypes,  2:  N.Y. 

Panorpa  submaculosa  Carpenter,  1931,  Bull.  Mus.  Comp.  Zool.,  Harvard 
72:255. 

Paratype,  1:  N.Y. 


TRICHOPTERA 

HYDROPSYCHIDAE 

Hydropsyche  codona  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:187. 

Holotype:  Ogdensburg  Aug.  25,  1906/  Hydropsyche  codona  Betten 

Holotype  <*. 

Allotype:  Ogdensburg  Aug.  21,  1906/  Hydropsyche  codona  Betten 

Allotype  ?. 

Paratypes,  2:  N.Y. 

[Hydropsyche  recurvata  Banks] 

HYDROPTILIDAE 

Hydroptlla  waubesiana  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:160. 

Holotype:  Waubesa  Lk,  Wise.  July/  Hydroptila  waubesiana  Bet. 

Holotype  cf  [in  alcohol]  . 

Allotype:  Waubesa  Lake,  Wise.  Jly  12,  1912/  Hydroptila  waubesiana 
Betten  Allotype  ?  [in  alcohol]. 

Paratypes,  5:  Wise. 


LEPTOCERIDAE 

Triaenodes  vorhiesi  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:286. 

Holotype:  Waubesa  Lake,  Wis./  Triaenodes  vorhiesi  Betten  Holotype  / 

Triaenodella  vorhiesi  Bet. 

Paratype,  1:  N.Y. 

[Triaenodes  tarda  Milne] 

LIMNEPHILIDAE 

Neophylax  consimilis  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:376. 

Holotype:  Old  Forge,  N.Y.  July  10/  Neophylax  consimilis  Bet. 

holotype  [in  alcohol]  . 

Allotype:  Old  Forge,  N.Y.  July  17,  1905  N.Y.S.  Coll./  Neophylax 

consimilis  Betten  allotype  ?. 

Paratypes,  2:  N.Y. 
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Lirmephilus  eminens  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:323. 

Holotype:  Saranac  Inn,  N.Y.  Aug./  Limnephilus  eminens  Betten  cr. 

Paratype,  1:  N.Y. 

[Limnephilus  sericeus  (Say)] 

Stenophylax  luculentus  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:345. 

Holotype:  Ithaca,  N.Y.  8/2/  Stenophylax  luculentus  Betten  holotype 

tf/  Pycnopsyche  luculenta  Bet.  <*. 

Allotype:  Old  Forge,  N.Y.  8/20/05/  Stenophylax  luculentus  Betten 
allotype  ?/  Pycnopsyche  luculenta  Bet.  ?. 

Paratypes,  2:  N.Y. 

[Pycnopsyche  luculenta  (Betten)] 

Limnephilus  tersus  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:334. 

Holotype:  Old  Forge,  N.Y.  Aug.  10  ’05/  Limnephilus  tersus  Betten 

holotype  . 

Allotype  [two  specimens  so  labeled!]:  Old  Forge,  N.Y. 

Aug.  18,  '05/  Limnephilus  tersus  Betten  allotype  ?. 

Paratypes,  2:  N.Y. 

[Limnephilus  externus  Hagen] 

Drusinus  uniformis  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:360. 

Holotype:  Ithaca,  N.Y.  July  15/  Drusinus  uniformis  Bet.  holotype  <* 

[in  alcohol] . 


MOL ANN ID AE 

Molanna  musetta  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:248. 

Holotype:  Old  Forge,  N.Y.  Aug  10  cf/  Molanna  musetta  Bet.  holotype 

[ in  alcohol ] . 

Allotype:  Old  Forge,  N.Y.  Aug  10/  Molanna  musetta  Bet.  allotype  ? 

[ in  alcohol] . 

Molanna  tryphena  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:248. 

Holotype:  Old  Forge,  N.Y.  7/29/05/  Molanna  tryphena  Betten 

holotype  <*. 

Paratypes,  3:  N.Y. 


PHILOPOTAMIDAE 

Chimarrha  lucia  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:175. 

Holotype:  Ithaca,  N.Y.  July  5/  Chimarrha  lucia  Betten  holotype  <* . 

Allotype  [two  specimens  so  labeled!]:  1)  Waldoboro.  Me  June  5  ?/ 
Chimarrha  lucia  Betten  Allotype  ?.  2)  Ogdensburg,  N.Y.  Aug. 

16  Chimarrha  lucia  Betten  Allotype  ?  [in  alcohol]. 

[Chimarra  obscura  (Walker)] 

POLYCENTROPIDAE 

Plectrocnemia  lutea  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:219. 

Holotype:  Buffalo,  N.Y.  July  2,  1906/  C.  Betten  det./  Plectrocnemia 

lutea  Betten  Holotype  tf. 

Paratypes,  2:  N.Y. 

[Polycentropus  cinereus  Hagen] 
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PSYCHOMYIDAE 


Lype  griselda  Betten,  1934,  N.Y.S.  Mus .  Bull.  292:229. 

Holotype:  Old  Forge,  N.Y.  6/23/05/  Lype  griselda  Bet.  Holotype  d. 

Paratypes,  2:  N.Y. 

[Lype  di versa  (Banks)] 

RHYACOPHILIDAE 

Rhyacophila  andrea  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:127. 

Holotype:  Ithaca,  N.Y.  Aug  15,  1913  Cornelius  Betten/  Rhyacophila 

andrea  Betten  Holotype  d. 

Paratypes,  2:  N.Y. 

[Rhyacophila  glaherrima  Ulmer] 

Rhyacophila  lobifera  Betten,  1934,  N.Y.S.  Mus.  Bull.  292:131. 

Holotype:  Gr.  Lakes,  Naval  Trning  Sta.  June  1,  1914/  Rhyacophila 
lobifera  Betten  Holotype  ?. 

Allotype:  Lake  Bluff,  Ill.  genitalia  from  pupa/  Rhyacophila 

lobifera  Bet  d/  <s  allotype/  Great  Lakes  Naval  Training  Station 
June  1914. 


LEPIDOPTERA 

ARCTIIDAE 

Ecpantheria  sennettii  Lintner,  1884,  Papilio  4:147. 

Holotype:  Rio  Grande  Texas  Sen.  Nds./  Ecpantheria  sennettii  8171 

Lintner  Type  ?. 

[Ecpantheria  muzina  Oberthur] 

COSSIDAE 

Cossus  centerensis  Lintner,  1887,  Can.  Ent.  9:129. 

Holotype:  Cossus  centerensis  Lintn.  Type  d  5366. 

Allotype:  Cossus  centerensis  Lintn.  Type  ?  5367. 

[Jcossus  centerensis  (Lintner)] 

Cossus  reticulatus  Lintner,  1878,  Ent.  Contributions  4:130. 

Holotype:  Cossus  reticulatus  Lintner  Type  d  Ariz.  6315  [actually 

a  ?]  . 

[Prionoxystus  robiniae  ab.  ?  reticulatus  Lintner] 

Cossus  querciperda  Fitch,  1859,  5th  Rpt.  Ins.  N.Y.:10. 

Syntypes,  2:  1)  Cossus  querciperda  Fitch  Type  d  270.  2)  Cossus 

querciperda  Fitch  Type  ?  137.  [The  type  series  consisted  of 
two  pairs,  one  of  which  was  sent  to  Mr.  J.  W.  Weidemeyer  of 
New  York;  this  pair  was  considered  "probably  destroyed"  by 
Lintner] . 

[Prionoxystus  macmurtrei  Guerin 
Cossus  undosus  Lintner,  1878,  Ent.  Contributions  4:131. 

Holotype:  Wyoming  Terr.  Scudd./  Cossus  undosus  Lintner  Type  ?  5452. 

[Acossus  undosus  (Lint.)] 
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EPIPLEMIDAE 


Callizzia  amorata  Packard,  1876,  Rept.  Geol.  Sur.  Terr.,  Hayden  10:315. 
Syntype,  1:  Callizzia  amorata  Pack.  Type  6211  [remnant  of  body 
only] . 


GEOMETRIDAE 

Azelina  hubnerata  var.  atrocolorata  Hulst,  1885,  Ent.  Amer.  1:205. 

Syntype,  1:  Azelina  hubnerata  var.  atrocolorata  Hulst  Type/  W.  W. 
Hill  Collection/  Tiffin  o./  6851. 

[Stenaspilates  atrocolorata  (Hulst) ] 

Cidaria  disjunctaria  Packard,  1873,  5th  Rpt.  Peab.  Acad.  Sci.:53. 

Syntypes,  2:  1)  Tetrophora  cunigerata  (Walk)/  Lygris  mucronata 

(disjunctaria)  Packard  Type  3889.  2)  Lygris  mucronata 

(disjunctaria)  Packard  Type  ?  2435. 

[Lygris  explanata  Walker] 

Euchoeca  exhumata  Pearsall,  1906,  Can.  Ent.  38:36. 

Paratypes,  3:  N.Y. 

[Hydrelia  inornata  Hulst] 

Thamnonoma  fascioferaria  Hulst,  1887,  Ent.  Amer.  2:191. 

Syntype,  1:  N  186/  7164/  Thamnonoma  fascioferaria  Hulst  Type. 

[ Itame  ribearia  fascioferaria  (Hulst)] 

Endropia  helveolaria  Hulst,  1881,  Bull.  Brook.  Ent.  Soc.  4:33. 

Syntype,  1:  249/  Endropia  helveolaria  Hulst  Type  Wm.  W.  Hill  Coll. 

[Lychnosea  helveolaria  (Hulst)] 

Aplodes  latiaria  Packard,  1873,  Rpt.  Peab.  Acad.  Sci.  5:74. 

Holotype:  Aplodes  latiaris  Pack.  Type  872. 

[Nemoria  mimosaria  Gn.] 

Endropia  lentaria  Hulst,  1886,  Ent.  Amer.  1:207. 

Syntype,  1:  Endropia  lentaria  Hulst  Type  283. 

[Stenaspilatodes  antidiscaria  Walker] 

Semiothusa  mendicata  Hulst,  1887,  Ent.  Amer.  2:189. 

Syntype,  1:  Prescott,  Arizona/  W.  W.  Hill  Coll./  Semiothusa 
mendicata  Hulst  Type. 

Semiothusa  metanemaria  Hulst,  1887,  Ent.  Amer.  2:188. 

Syntypes,  2:  1)  Ariz./  Semiothusa  metanemaria  Hulst  Type  Wm.  W.  Hill 

Coll.  867.  2)  [same  data,  no  number]. 

[Elpiste  metanemaria  (Hulst)] 

Cidaria  packardata  Lintner,  1878,  Ent.  Contributions  4:113. 

Syntype,  1:  Cidaria  packardata  Lintner  ?  Keene  Flats. 

[Lygris  propulsata  Walker] 

Eupithecia  palpata  Packard,  1873,  5th  Rpt.  Peab.  Acad.  Sci.:58. 

Allotype:  Eupithecia  palpata  Pack.  Type  983  ?. 

Paratype,  1:  Eupithecia  palpata  Pack.  Type  1032  ?  [Albany,  N.Y.]. 
Larentia  perlineata  Packard,  1874,  Proc.  Bost.  Soc.  Nat.  Hist.  16:19. 

Holotype:  Ophorabia  perlineata  (Pack.)  790  <*./  Larentia  perlineata 
Pack.  Type  Albany  (Lint.). 

Allotype:  V*4/70  ?/  Larentia  perlineata  Pack.  Type  Albany. 

[Venusia  comptaria  Walker] 

Ephyra  plantagenaria  Hulst,  1887,  Ent.  Amer.  2:185. 

Syntypes,  2:  1)  7/76/  From  Grote/  Ephyra  plantagenaria  Hulst  Type 

7570.  2)  Tex./  Wm.  W.  Hill  Coll./  Ephyra  plantagenaria  Hulst 

Type. 
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[Scopula  plantagenaria  (Hulst) ] 

Eucrostis  saltusaria  Hulst,  1886,  Ent.  Amer.  2:122. 

Syntype,  1:  687/  Indian  Riv. ,  Fla./  Wm.  W.  Hill  Coll./  Eucrostis 

saltusaria  Hulst  Type. 

[Eueana  niveociliaria  H.-S.] 

Ellopia  somniaria  Hulst,  1886,  Ent.  Amer.  1:208. 

Syntype,  1:  737/  Was.  T./  Wm.  W.  Hill  Coll./  Ellopia  somniaria 

Hulst  Type. 

[Ellopia  fiscellaria  race  somniaria  (Hulst)] 

Semiothisa  tenebrosata  Hulst,  1887,  Ent.  Amer.  2:189. 

Syntype,  1:  Ariz./  Semiothisa  tenebrosata  Hulst  Type. 

Corycia  triseriata  Packard,  1874,  6th  Rpt.  Peabody  Acad.  Sci.  50:325. 

Syntype,  1:  1853/  Corycia  triseriata  Pack.  Type/  Asthen  albogilvaria 

(Storr. ) . 

[ Hydrelia  albifera  Walker] 

Cleora  venata  Grote,  1883,  Can.  Ent.  15:133. 

Syntype,  1:  6011  W.  W.  Hill  Coll./  Cleora  venusta  Grote  Type. 

[Enypia  venata  Grote] 

HEPIALIDAE 

Hepialis  furcatus  Grote,  1883,  Can.  Ent.  15:30. 

Syntypes,  4:  1)  Adirondacks  (Mt.  Marcy)  July  1882  cf  W.  W.  Hill 

Coll./  Hepialis  furcatus  Grote  Type.  2,3)  [same  data]  6005  cf. 

4)  [same  data]  6006  ?. 

[Hepialis  gracilis  Grote] 

HESPERIIDAE 

Nisoniades  ausonius  Lintner,  1872,  Ent.  Contributions  1:34. 

Holotype:  Center,  N.Y.  May  12,  1871  Lintner  Coll./  Nisoniades 

ausonius  Lintner  Type  cf  3256/  Thanaos  (Nisoniades)  ausonius 
Lint.  Holotype. 

[Erynnis  martialis  ab .  ausonius  (Lintner)] 

Nisoniades  icelus  Scudder  &  Burgess,  1870,  Proc.  Bost.  Soc.  Nat.  Hist. 
13:288. 

Holotype:  N.  icelus  Lintn.  cf  Center,  N.Y.  May  25/70./  Thanaos 
(Nisoniades)  icelus  Lintn.  holotype. 

Paratypes,  6:  N.Y. 

[Erynnis  icelus  (Scudder  &  Burgess)] 

Nisoniades  lucilius  Scudder  &  Burgess,  1870,  Proc.  Bost.  Soc.  Nat.  Hist. 
13:287. 

Holotype:  Lucilius  cf  2966  VII  6/7 0—5 .  /  Thanaos  (Nisoniades) 
lucilius  Lint.  Holotype. 

Allotype:  Lucilius  VII-  6/70-5  ?/  2967/  Thanaos  (Nisoniades) 
lucilius  Lint.  Allotype. 

Paratypes,  24:  [no  locality  labels]. 

[Erynnis  lucilius  (Scudder  &  Burgess)] 

Thanaos  (Nisoniades)  naevius  Lintner,  1881,  Papilio  1:69. 

Syntypes,  3:  1)  Indian  Riv.  Florida  7771/  Nisoniades  naevius 

Lintner  Type  ?/  Thanaos  (Nisoniades)  naevius  Lintner  Cotype. 

2)  Ind.  River/  N.  naevius  Lintn.  Type  cf  6247./  Thanaos 
(Nisoniades)  naevius  Lintner  Cotype.  3)  Nisoniades  naevius 
Lintner  Type  ?./  Thanaos  (Nisoniades)  naevius  Lintner  Cotype. 
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[original  description  says  3  <f<* ,  we  have  1^,  2  ?¥]. 

[Erynnis  zarucco  Lucas] 

Pamphila  osceola  Lintner,  1878,  Ent .  Contributions  4:58. 

Holotype:  Osceola  Lintner  5698  Cal.  o'/  Euphes  osceola  Type  Lintner. 

[ Atrytone  ruricola  (Boisduval)] 

Nisoniades  pacuvius  Lintner,  1878,  Ent.  Contributions  4:60. 

Holotype:  Nisoniades  pacuvius  Lintn.  5200  New  Mex.  o'/  Thanaos 
(Nisoniades)  pacuvius  Lint.  Holotype. 

[Erynnis  pacuvius  Lintner] 

Nisoniades  petronius  Lintner,  1881,  Papilio  1:70. 

Holotype:  Petronius  Ind.  Riv.  (Fla.)/  N.  petronius  Lintn.  Type  o' 

248./  Thanaos  (Nisoniades)  pucuvius  Lint.  Holotype. 

Allotype:  [same  data]  ?  Allotype  6249. 

[Holotype  designation  affixed  by  unknown  worker  -  original 
description  says  described  from  4  ov,  1  ?]. 

[Erynnis  horatius  Scudder  &  Burgess] 

LYCAENIDAE 

Lycaena  lotis  Lintner,  1878,  Ent.  Contributions  4:57. 

Syntype,  1:  Colo./  L.  lotis  Lintner  Type  $  5668/  Plebius  melissa 
lotis  Lint.  Type. 

[Lycaeides  melissa  lotis  (Lintner)] 

NOCTUIDAE 

Ammaconia  badicollis  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:136. 

Syntype,  1:  J.  A.  Lintner  Coll./  Agrotis  badicollis  Grote  ?  2558/ 

Ammaconia  badicollis  Grote  Type. 

[Anomogyna  badicollis  (Grote) ] 

Agrotis  badinodis  Grote,  1874,  Can.  Ent.  6:13. 

Holotype:  J.  A.  Lintner  Coll./  Agrotis  badinodis  Grote  Type  2506. 

[ Graphiphora  badinodis  (Grote)] 

Acronicta  insita  var.  canadensis  Smith,  1898,  Proc.  U.S.  Nat.  Mus.  21:57. 

Syntype,  1:  Murray  Bay  Prov.  of  Quebec  July  or  Aug.  1878  E.  Corning 
Jr.  Coll./  A.  insita  var.  canadensis  Smith  ?  cotype. 

[Acronicta  lepusculina  f.  canadensis  (Smith)] 

Mamestra  claviplena  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:194. 

LECTOTYPE,  present  designation:  A  ?  specimen  bearing  the  following 
labels:  J.  A.  Lintner  Collector/  Mamestra  claviplena  Grote 

?  2287./  "?  Type  can  not  find  o'  type  in  Lintner  Coll."/  ? 
genitalia  slide  355  T.  L.  McCabe  [o'  type  has  been  lost  and  we 
select  this  ?  as  it  represents  the  only  remaining  specimen  of 
the  type  series] . 

[" Polia "  detracta  Walker] 

Plusia  culta  Lintner,  1885,  2nd  Rpt.  Ins.  N.Y.:94. 

Syntypes,  3:  1)  Ex  larva  Mch  8,  1883  Albany,  N.Y./  J.  A.  Lintner 

Coll./  Plusia?  culta  Lintn.  o'  6835/  o'  genitalia  slide  356 
T.  L.  McCabe.  2)  Ex  larva  Mch  6,  1883  Albany,  N.Y./  J.  A. 
Lintner  Coll./  Plusia  culta  Lintn.  o'  6837.  3)  [same  data]  ? 

no.  6836. 

[Pseudoplusia  includens  (Walker)] 


18 


Catocala  concumbens  ah.  hilli  Grote,  1883,  Papilio  3:43. 

Holotype:  6062/  Centre,  N.Y.  Aug  2/1877  $  W.  W.  Hill  Coll./ 

C.  concumbens  var.  hilli  Grote  Type. 

Hadena  hillii  Grote,  1878,  Ann.  Lyc.  Nat.  Hist.  N.Y.  11:305. 

Holotype:  1853/  Lewis  Co.,  N.Y.  July  26/1876  Wm.  W.  Hill  Coll.  / 

Hadena  hillii  Grote  Type. 

[Eremobina  hilli  (Grote)] 

Hypocala  hillii  Lintner,  1878,  Ent.  Contributions  4:103. 

Holotype:  2628/  Centre,  N.Y.  Oct.  15/77  ?  W.  W.  Hill  Coll./ 

Hypocala  hillii  Lintn.  ?/  Holotype. 

[Hypocala  andremona  Cramer] 

Agrotis  hospitalis  Grote,  1882,  Can.  Ent.  14:184. 

?Syntype? :  No.  4  Lewis  Co.,  N.Y.  July  1880  ?  W.  W.  Hill  Coll./ 

"Only  specimen  from  Hill  Coll,  that  can  be  type  of  Noctua 
hospitalis  though"  [unknown  author,  probably  Richards]. 

[Diarsia  juncunda  Walker] 

Melaporphyria  immortua  Grote,  1874,  Bull.  Buff.  Soc.  Nat.  Sci.  2:75. 

Syntype,  1:  2983  VI. 1-4/  J.  A.  Lintner  Coll./  Melaporphyria  immortua 

Grote  Type  ?. 

Gortyna  impecuniosa  Grote,  1882,  Bull.  Geol.  Surv.  6:267. 

?Syntype? ,  1:  5903/  Centre,  N.Y.  Sept.  25/77  W.  W.  Hill  Coll.  */ 

Gortyna  impecuniosa  Type  [appears  to  bear  a  Grote  label  - 
no  mention  made  of  this  specimen  in  type  description] . 

[ Papaipema  impecuniosa  (Grote)] 

Megachyta  inconspicualis  Grote,  1883,  Can.  Ent.  15:30. 

Syntype,  1:  Adirondacks,  N.Y.  Mt .  Marcy  July  1882  cT  w.  W.  Hill  Coll. 
Megachyta  inconspicualis  Grote  Type/  W.  W.  Hill  Collection/ 

6009/  "one  of  two  type  spec." 

[Epizeuxis  inconspicualis  (Grote)] 

Meghypena  lentiginosa  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:87. 

Holotype:  Schenectady,  N.Y.  July  1861(?)  Lintner  Coll./ 

Meghypena  lentiginosa  Grote  Type  2339/  Holotype. 

[ Bomolocha  edictalis  Walker] 

Xylina  lepida  Lintner,  1878,  Ent.  Contributions  4:95. 

Syntype,  1:  Centre,  N.Y.  9/1877  W.  W.  Hill  Coll./  Xylina  lepida 
Lintner  Type  2  2252/  "one  of  5  types". 

[Lithophane  lepida  Grote] 

Sarrothripus  lintnerana  Speyer,  1875,  Ent.  Zeitung  (Stettin)  36:170. 

?Holotype?:  671/  Type/  G.  H.  Hudson  Coll./  "Nycteola  revayana 

form  race  lintnerana  descr.  from  unique  type  from  Meske. 

No  indication  in  O.D.  where  types  of  cinereana  N.  &  D.  or  how 
many.  May  be  either  of  these."  [Unknown  author  -  Richards?]. 

[Sarrothripus  revayana  lintnerana  (Speyer)] 

Litognatha  litophora  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:86. 

?Syntype?:  Lintner  Coll./  Litognatha  litophora  (Gr.  det.)  Grote 

cf  2535/  holotype  [does  not  appear  to  have  a  Grote  label  - 
holotype  should  be  a  Philadelphia  specimen] . 

[Hormisa  litophora  (Grote)] 

Feralia  major  Smith,  1890,  Ent.  Amer.  6:26. 

Syntypes,  4:  1)  Plattsburgh,  N.Y.  May  16,  1887  E.  light  G.  H.  Hudson 

Coll./  Feralia  major  Smith  Type  1232.  2)  [same  data]  1223.  3) 
[same  data]  Apr.  28,  1888  5345.  4)  [same  data]  Apr  19,  1889 
6118. 
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Catocala  sordida  form  metalomus  Mayfield,  1922,  Bull.  Brook.  Ent.  Soc. 
17:141. 

Paratype,  1:  N.Y. 

Litognatha  nubili fascia  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:85. 

?Paratype? :  Lintner  Coll.  Utica,  N.Y.  1865/  Litognatha 

nubilifascia  (Grote  det.)  Grote  ?  3629/  J.  A.  Lintner  Coll./ 
"Cotype?  Lintner  number  of  O.D.  but  no  Utica  specimens  in  O.D., 
det.  by  A.  G.  Richards  Jr.  1934." 

[Hormisa  absorptalis  Walker] 

Calocampa  nupera  Lintner,  1874,  Bull.  Buff.  Soc.  Nat.  Sci.  2:188. 

Syntypes,  2:  1)  Type/  Calocampa  nupera  Lintn.  ?  865/  J.  A.  Lintner 

Coll.  2)  [same  data]  d  2941  [Albany  and  Schoharie  N.Y., 

April  20th  and  June  1st] . 

[Xylena  nupera  (Lintner)] 

Anytus  sculptus  var.  planus  Grote,  1882,  Can.  Ent.  14:183. 

Syntype,  1:  5968/  Lewis  Co.,  N.Y.  Sept  4,  1878  ?  W.  W.  Hill  Coll./ 

Anytus  planus  var.  Type. 

[Sutyna  privata  plana  (Grote)] 

Ipimorpha  pleonectusa  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:191. 

Syntype,  1:  16.8.73  Sharon/  J.  A.  Lintner  Coll./  Ipimorpha 

pleonectusa  Grote  Type  2>hl6/  "also  2  types  in  Brit.  Mus.  per 
Hampson."  [Meske  specimens  went  to  U.S.N.M.  -  he  may  have 
used  3476  repeatedly]. 

Catocala  pretiosa  Lintner,  1876,  Can.  Ent.  8:121. 

Syntype,  1:  Schenectady  July  10,  1874  Lintner  Coll./  pretiosa 
Lintn.  3966. 

Ufeus  satyricus  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:101. 

Syntype,  1:  J.  A.  Lintner  Coll./  Ufeus  satyricus  Grote  Type  ? 
[Albany  specimen  should  have  had  2/14  on  it] . 

Hadena  senescens  Grote,  1878,  Can.  Ent.  10:235-7. 

Syntype,  1:  Lewis  Co.,  N.Y.  Sept  27  ’78  W.  W.  Hill  Coll.  ?/ 

Hadena  senescens  Grote  Type. 

[ Hillia  irus  Zett.] 

Cucullia  speyeri  Lintner,  1874,  Ent.  Contributions  3:168. 

?Paratype?,  1:  Cucullia  speyeri  Lintner  ?  Pa.  3751/  J.  A.  Lintner/ 
Probably  to  be  considered  a  paratype  as  is  apparently  the 
specimen  rec’d  from  Strecker  &  noted  in  footnote  (p.  173)  of 
O.D.  det  A.  G.  Richards  Jr.,  193_. 

Xylomiges  tabulata  Grote,  1878,  Bull.  U.S.  Geol.  Surv.  4:181. 

Syntype,  1:  2266/  Lewis  Co.,  N.Y.  June  30/77  W.  W.  Hill  Coll./ 

Xylomiges  tabulalis  Grote  Type  ?/  Cotype  -  others  in  B.M. 

[Xylomiges  alternans  (Grote)] 

Tarache  terminimaculata  Grote,  1873,  Bull.  Buff.  Soc.  Nat.  Sci.  1:153. 

?Syntype?,  1:  1061  Tarache  terminimaculata  Grote  d  (Grote  det.)/ 

J.  A.  Lintner  Coll,  [only  specimen  with  J.A.L.  label]. 

[ Acontia  terminimaculata  (Grote) ] 

Agrotis  tricosa  Lintner,  1874,  Ent.  Contributions  3:159. 

Syntypes,  5:  1,2)  Agrotis  tricosa  Lintn./  J.  A.  Lintner  Coll.  3) 

[same  data]  & .  4)  Agrotis  tricosa  var.  Lintn.  92a/  J.  A. 

Lintner  Coll.  5)  Agrotis  tricosa  Lintner  ?  148/  J.  A.  Lintner 
Coll.  [Specimens  4  and  5  boxed  separately  with  note:  "These 
two  specimens  are  the  only  ones  in  Lintner  Coll,  under  this 
name.  Nothing  to  indicate  that  they  are  or  are  not  types. 
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Described  from  9  <f  and  5  2.  Hampson  records  types  for  British 
Museum.  A.  G.  Richards  Jr.  1934."] [one  in  CU  marked  type], 
[Feltia  tricosa  (Lintner) ] 

Phaeocyma  umbrina  Grote,  1883,  Can.  Ent .  15:3. 

Syntype,  1:  6008/  Pheocyma  umbrina  Grote  2  Type/  Ariz/  W.W.Hill  Coll. 

6007  &  Pheocyma  umbrina  Grote  6008  2  Type  [specimen  is  a  2] . 

[Zaleops  umbrina  (Grote)] 

Xylina  uni  mod a  Lintner,  1878,  Ent.  Contributions  4:96. 

Syntypes,  2:  1)  Centre,  N.Y.  Oct  12/77  Wm.  W.  Hill  Coll./  Xylina 
unimoda  Lintn.  Type  <*/  2333.  2)  [same  data]  2  2234. 

[Lithophane  unimoda  (Lintner)] 

Glaea  venustula  Grote,  1875,  Can.  Ent.  7:84. 

Syntype,  1:  Md.  Glaea  venustula  Grote  Type  2282/  J.  A.  Lintner 
Collection. 

[ Harpaglaea  sericea  (Morrison) ] 

NOTODONTIDAE 

Cerura  aquilonaris  Lintner,  1878,  Proc .  Acad.  Nat.  Sci.  Phil.: 195. 

Syntype,  1:  Caulfield  Montreal/  Cerura  aquilonaris  Lintn.  Type  ? 

6310. 

[Cerura  scolopendrina  aquilonaris  Lintner] 

Gluphisia  avimacula  Hudson,  1891,  Ent.  News  2:155. 

Syntype,  1:  Plattsburgh,  N.Y.  May  10,  1891  E.  light  G.  H.  Hudson 
Coll./  Gluphisia  avimacula  G.  H.  Hudson  Type. 

[ Gluphisia  lintneri  f.  avimacula  Hudson] 

Cerura  Candida  Lintner,  1878,  Ent.  Contributions  4:87. 

Holotype:  From  Strecker/  Cerura  Candida  Lintn.  Type  2  5215. 

Cerura  modesta  Hudson,  1891,  Can.  Ent.  23:197. 

Syntypes,  3:  1)  Plattsburgh,  N.Y.  June  20,  1891  E.  light  G.  H. 

Hudson  Coll./  Cerura  modesta  Hudson  Type.  2)  [same  data] 

June  11,  1891.  3)  [same  data]  May  10,  1891. 

Cerura  occidentalis  Lintner,  1878,  Ent.  Contributions  4:82. 

LECTOTYPE,  present  designation:  A  specimen  bearing  the  following 
labels:  Riemann/  Cerura  occidentalis  Lintn.  &  5817 

[J.  G.  Franclemont  has  examined  the  type  series  and  indicated 
this  specimen  as  lectotype;  the  lectotype  designation  is 
hereby  credited  to  J.  G.  Franclemont] . 

NYMPH AL ID AE 

Apatura  codes  Lintner,  1884,  Papilio  4:141. 

Syntype,  1:  Rio  Grande  Webster/  Apatura  codes  Lintn.  Type  2 
5861  MS. 

[Asterocampa  leilia  Edwards] 

OLETHREUTIDAE 

Oleuthreutes  approx imana  Heinrich,  1919,  Insecutor  Inscitiae  Menstruus 

7:65. 

Paratype,  1:  N.Y. 

[Esia  approximana  Heinrich] 
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PIERIDAE 


Kricogonia  lanice  Lintner,  1884,  Papillo  4:138. 

Syntype,  1:  Rio  Grande  Webster/  Kricogonia  sp./  Kricogonia  lanice 
Lintn.  Type  ?  5865. 

[ Kricogonia  lyside  Godart] 

SATURNIIDAE 

Hemileuca  maia  ab .  lintneri  Cockerell,  1914,  in.  Packard,  Mem.  Natl.  Acad. 
Sci.  12(1) : 17 . 

Holotype:  Hemileuca  maia  Drury  var.  cf  j.  A.  Lintner  Coll. 

SPHINGIDAE 

Sphinx  insolita  Lintner,  1884,  Papilio  4:145. 

Holotype:  Rio  Grande,  Texas  1878  Sennett/  Sphinx  insolita  Lintner 
Type. 

[Sphinx  libocedrus  Edwards] 

Ellema  pineum  Lintner,  1872,  Ent.  Contributions  1:37. 

Syntypes,  4:  1)  Ellema  pineum  Lint.  Type  &  61/  fotogr.  for  Lapara 

publ./  genitalia  prep  J.C.E.  Riotte  Lep  no.  9-228.  2)  Ellema 

pineum  Lintn.  Type  29  ?/  fotogr.  for  Lapara  publ./  ?  Gen.  prep. 
Lep.  no.  9-227  J.C.E.  Riotte.  3)  Lapara  pini  (Lintner)  Type  ? 
ex.  larva  Schoharie,  N.Y.  1858/59  Gen.  Prep.  no.  9-228  J.  Riotte 
ROM/  Used  for  the  publication  on  Lapara  by  J.C.E.  Riotte  -  ROM 
(in  alcohol).  4)  [same  data]  cf  gen.  prep.  no.  9-227  (in 
alcohol) . 

[Lapara  bombycoides  Walker] 


HYMENOPTERA 

CYNIPIDAE 

Diplolepis  bassetti  var.  lucida  Kinsey,  1922,  Ind.  Univ.  Studies  53:57. 
Paratypes,  6:  Ore. 

Diplolepis  variabilis  var.  lutescens  Kinsey,  1922,  Ind.  Univ.  Studies 
53:57. 

Paratypes,  5:  Colo. 

Diplolepis  fusif ormans  var.  mendocinensis  Kinsey,  1922,  Ind.  Univ.  Studies 
53:62. 

Paratype,  1:  Calif.  [gall  only]. 

Holcaspid  rubens  Gillette,  1893,  Ent.  News  4:29. 

Syntype,  1:  Colo./  Holcaspis  rubens  Type  Gill.  Col. 

[Disholcaspis  rubens  (Gillette)] 

Diplolepis  variabilis  var.  sculpta  Kinsey,  1922,  Ind.  Univ.  Studies  53:75. 
Paratypes,  5:  Utah 

Andricus  splendens  Weld,  1919,  Can.  Ent.  51:254. 

Paratypes,  16:  Ariz. 

Diplolepis  tuberculatrix  var.  tumida  form  xerophila  Kinsey  &  Ayres,  1922, 
Ind.  Univ.  Studies  53:151. 

Paratype,  1:  Utah  [gall  only] . 
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HALICTIDAE 


Augochlora  coloradensis  Titus,  1901,  Can.  Ent.  33:133. 

Syntypes,  3:  1,2)  Ft.  Collins  Col.  5.30  00/  N.Y.S.  Coll.,  1902/ 

Augochlora  coloradensis  Titus  Type  ?/  Halictus  coloradensis 
Titus  Type.  3)  Ft.  Collins  Col.  5/  /00 ./  N.Y.S.  Coll.,  1902/ 
Halictus  coloradensis  Titus  type. 

[Augochlora  striata  Provancher] 

Halictus  eurgceps  Ellis,  1914,  Ent.  News  25(3) : 9 8 . 

Syntype,  1:  Beulah,  N.M.  end  of  Aug.  (Ckll)/  Halictus  euryceps  Ellis 
Cotype . 

[Lasioglossum  eurgceps  (Ellis)] 

Halictus  jamaicae  Ellis,  1914,  Ent.  News  25(3) :100. 

Syntype,  1:  Liguanea  Plain,  Jamaica  Nov.  Dec.  1911,  Masc.,  Col.  T. 
Brues/  Halictus  jamaicae  Ellis  Cotype. 

ICHNEUMONIDAE 

Ophion  ahnormum  Felt,  1904,  N.Y.S.  Mus.  Bull.  76:121. 

Holotype:  Ophion  abnormum  Felt  Type/  Enicospilus  abnormum  Felt  Type. 

[Enicospilus  abnormus  (Felt)] 

Ophion  appendiculatum  Felt,  1902,  Psyche  9:308. 

Holotype:  Ophion  appendiculatum  Felt  Type/  Enicospilus 

appendiculatum  Felt  Type. 

[ Enicospilus  appendiculatum  (Felt)] 

Ophion  (Enicospilus)  arcuatum  Felt,  1902,  Psyche  9:307. 

?Lectotype?:  Albany,  N.Y.  May  6,  1876/  Ophion  arcuatum  Felt/ 

Enicospilus  arcuatum  Felt  Type/  "I  shall  designate  this  specimen 
lectotype  (RAG)." 

Paralectotype,  1:  [no  locality] . 

[ Enicospilus  arcuatum  (Felt) ] 

Ophion  ferruginipennis  Felt,  1904,  N.Y.S.  Mus.  Bull.  76:122. 

Paratype,  1:  [no  locality]. 

[Ophion  slossonae  Davis] 

Genophion  gilletti  Felt,  1904,  N.Y.S.  Mus.  Bull.  76:123 

Holotype:  Colo.  2565,  Genophion  gilletti  Felt  Type  Genotype 
Monotype. 

[Genophion  costalis  (Cresson) ] 

PAMPHILIIDAE 

Acantholgda  ferruginea  Felt,  1917,  Can.  Ent.  49:192. 

Holotype:  5000  ft/  Mt.  Marcy  N.Y.  31  July,  1913  N.Y.S.  Coll./ 

Acantholyda  ferruginea  Felt  Monotype/  Acantholyda  ferruginea 
Felt  Type. 


PLATYGASTERIDAE 

Platggaster  leguminicolae  Fouts,  1920,  Proc.  Ent.  Soc.  Wash.  22:69. 
Paratype,  1:  Ore. 

Polgmecus  semiglaber  Girault,  1920,  U.S.  Natl.  Mus.  Proc.  58:177. 
Paratypes,  6:  N.Y. 

[Platggaster  semiglabra  Girault] 
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TENTHREDINIDAE 


Aulacomerus  lutescens  Lintner,  1888,  4th  Rpt.  Ins.  N.Y.:44. 

Syntypes,  2:  1)  Albany,  N.Y.  July  19,  1888/  Aulacomerus  lutescens 

Lintner  7975.  2)  Aulacomerus  lutescens  Lintner  Type/ 

Aulacomerus  lutescens  Lintner  Type  7976. 

[Trichiocampas  viminalis  (Fallen)] 

Euura  salicicola  Smith,  1879,  N.  Amer.  Ent.  1:41. 

Syntypes,  3:  1)  3172/  Euura  salicicola  Smith  Paratype/  Euura 

salicicola  Smith  Type  Ill.  2)  Euura  salicicola  Smith  Paratype/ 
Euura  salicicola  Smith  <3  Type  Ill.  3)  3173/  Euura  Salicicola 
Smith  Paratype/  Euura  salicicola  Smith  ?  3173  Type  Ill. 

Macrophya  trisyllabus  var.  sinnanula  Ross,  1931,  Ann.  Ent.  Soc.  Amer. 
24:127. 

Paratypes,  2:  N.Y. 

[Macrophya  trisyllaba  (Norton)] 

XY EL I DAE 

Pleroneura  borealis  Felt,  1917,  Can.  Ent.  49:191. 

Lectotype:  L.  Clear  N.Y.  June  7,  1906  N.Y.S.  Coll./  Type/ 

Pleroneura  borealis  Felt  Lectotype. 

Paralectotypes ,  2:  1)  L.  Clear,  N.Y.  June  7,  1906  N.Y.S.  Coll./ 

Pleroneura  borealis  Felt,  L.  Clear  N.Y.  wing,  ant.,  tarsi,  &  3 
genitalia  -  7  June  '06:  13  Jan  1914. 


DIPTERA 

ACROCERIDAE 

Ogcodes  adaptatus  Schlinger,  1960,  U.S.  Natl.  Mus.  Proc.  111:297. 
Paratypes,  2:  Cal. 

AGROMYZIDAE 

Agromyza  aristata  Malloch,  1915,  Can.  Ent.  47:13. 

Paratype,  1:  Ill. 

Agromyza  felti  Malloch,  1914,  Ent.  News  25:310. 

Holotype:  Hudson  Falls,  N.Y.  May  27,  1910,  N.Y.S.  Coll./  Holotype 
Agromyza  felti  Mall.  3 . 

Paratypes,  9:  N.Y. 

[Liriomyza  felti  (Malloch)] 

Agromyza  youngi  Malloch,  1914,  Ent.  News  25:312. 

Holotype:  Albany,  N.Y.  28  Apr.  1913  N.Y.S.  Coll./  Holotype 
Agromyza  youngi  Mall.  3 . 

Allotype:  [same  data  as  holotype]  ?. 

Paratype,  1:  N.Y. 

[Tylomyza  nasuta  (Melander) ] 

ANTHOMYIIDAE 

Chortophila  betarum  Lintner,  1883,  Rpt.  Ins.  N.Y.  1:  1st  Ann.  Rpt.:208. 
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Syntypes ,  7:  1)  July  28,  1881  Chortophila  betarum  Lintner  ?.  2) 

Middleburgh,  N.Y.  ?.  3-6)  July  28,  '81/  Chortophila  betarum 

Lintner  Type  ?.  7)  Chortophila  betarum  Lintner  Type 

[ Hylemya  betarum  (Lintner) ] 

Chortophila  vicina  Lintner,  1883,  Rpt .  Ins.  N.Y. ,  1st  Ann.  Rpt . : 208 . 

Syntypes,  2:  1)  Middleburgh,  N.Y.  Aug.  7,  *81  cr  ex.  larva/ 

Chortophila  vicina  Lintner  Type  2)  [same  data]  cf. 

[Pegomya  hyoscyami  Panzer] 

AS I LI DAE 

Dasyllis  cinerea  Back,  1904,  Can.  Ent.  36:289. 

Syntype,  1:  Earner ,  N.Y.  June  18,  1902  N.Y.S.  Coll./  Type  E.  A.  Back 
M. A. G. /  N.Y.S.  Mus . /  Dasyllis  cinerea  Back  ?  cotype. 

[Laphria  cinerea  (Back)] 

CECIDOMYIIDAE 

Cecidomyia  cucumeris  Lintner,  1888,  Cult.  &  Country  Gent.  53:725. 

Syntypes,  2:  1)  Cecidomyia  cucumeris  Lintn.  MS  &  See  Count.  Gent. 
Sept  27/88/  Paratype  Aphidoletes  cucumeris  Lintn.  2)  [same 
data]  $. 

[Aphidoletes  cucumeris  (Lintner) ] 

Diplosis  cucumeris  Lintner,  1896,  11th  Rpt.  St.  Ent.  in  49th  Rpt.  N.Y.S.M. 

:  166. 

Syntypes,  5:  1)  Albany,  N.Y.  Aug  13,  1889  N.Y.S.  Coll./  Diplosis 

cucumeris  Lintn.  Type.  2-5)  [same  data]  Aug.  22,  1892. 

[Cecidomyia  cucumeris  (Lintner) ] 

Cecidomyia  foliora  Russell  &  Hooker,  1908,  Ent.  News  19:350. 

Syntypes,  3:  1-2)  Cotype  Cecidomyia  foliora  C.  W.  Hooker/ 

Cecidomyia  foliora  C.  W.  Hooker  3^  c.  1339  1908.  3)  [same 

data]  2??. 

Cecidomyia  myricae  Beutenmuller ,  1907,  Can.  Ent.  39:306. 

Syntype,  1:  New  Jersey  1907  N.Y.S.  Coll./  Type/  Cecidomyia  myricae 
Beut./  Ithonida  myricae  Beut. 

CERATOPOGONIDAE 

Culicoides  alachua  Jamnback  &  Wirth,  1963,  Ent.  Soc.  Amer.  Ann.  56:187. 

Paratypes,  3:  Fla.  [one  slide]. 

Culicoides  bermudensis  Williams,  1956,  Jour.  Parasitol.  42:298. 

Paratype,  1:  Bermuda  B.W.I.  [slide  mount]. 

Culicoides  bickleyi  Wirth  &  Hubert,  1962,  Ent.  Soc.  Amer.  Ann.  55:188. 

Paratypes,  3:  N.Y.  [slide  mounts]. 

Ceratopogon  culicoidithorax  Hoffman,  1926,  Proc.  Ent.  Soc.  Wash.  28:156. 

Syntypes,  7:  1-7)  Earner,  N.Y.  May  14,  1906  N.Y.S.  Coll./ 

Ceratopogon  culicoidithorax  Hoffman/  Co type/  Chir  60. 

Culicoides  jamnbacki  Wirth  &  Hubert,  1962,  Ent.  Soc.  Amer.  Ann.  55:192. 

Paratypes,  2:  N.Y. 

Culicoides  loisae  Jamnback,  1965,  N.Y.S.  Mus.  Bull.  399:77 

Paratypes,  2:  N.Y.  [slide  mounts] . 


25 


Culicoides  utowana  Jamnback,  1965,  N.Y.S.  Mus.  Bull.  399:109. 

Holotype:  Salmon  R.  Blue  Mt .  L.,  N.Y.  3rd  Isl.  5/23/60-7F  HAJ  photo/ 

Culicoides  utowana  64  reared  ?  larva  5/23,  pupa  5/26  HAJ  64 
Holotype  [slide  mount]. 

Paratypes,  2:  N.Y.  [one  slide]. 

CH AMAEMY I I DAE 

Leucopomyia  pulvinariae  Malloch,  1921,  Ill.  State  Nat.  Hist.  Surv. , 

Bull.  13:155. 

Holotype:  Shushan,  N.Y.  6  July  1916  N.Y.S.  Coll./  Type/  Leucopomyia 

pulvinariae  Mall.  Holotype. 

Paratypes,  22:  N.Y. 

[Leucopis  ( Leucopomyia )  pulvinariae  (Malloch)] 

CHAOBORIDAE 

Corethra  fuliginosus  Felt,  1905,  N.Y.S.  Mus.  Bull.  97:458. 

Holotype:  Corethra  fuliginosus  Nassau,  N.Y.  June  12,  1905.  1) 

Genitalia  in  bal.  $  al51.  2)  Head  in  bal.  ?  al51. 

[Mochlonyx  fuliginosus  (Felt)] 

Sayomyia  hudsoni  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:371. 

Syntypes,  3:  1)  Poughkeepsie,  N.Y.  ’7  June  Sayomyia  hudsoni  (larva) 

2)  Poughkeepsie,  N.Y.  28  June  *04  ?  Sayomyia  hudsoni  "select  as 
lectotype".  3)  Sayomyia  hudsonia  Poughkeepsie,  N.Y.  26  June 
'04  Wing  T6  July  04  S.  no.  16. 

[Chaoborus  americanus  (Johannsen) ] 

Corethra  karnerensis  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:347. 

Holotype:  1)  Corethra  karnerensis  holotype  a388  genitalia  in  bal. 

1  (2)  slides  Mch  25  '04.  2)  Corethra  karnerensis  holotype  a388 

legs,  wing,  palpi  in  Can.  Bal.  2(2)  slides  Mch  25  ’04. 

Paratype,  1:  [no  locality  -  two  slides  of  one  larva] . 

[ Mochlonyx  velutinus  (Ruthe) ] 

Corethra  lintneri  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:353. 

?Lectotype?:  Elizabethtown,  N.Y.  16  June  ’04  Corethra  lintneri 

select  as  lectotype  [no  author  for  lectotype  -  published?]. 

Paralectotypes ,  3:  N.Y.  [slide  mounts]. 

[ Mochlonyx  velutinus  (Ruthe) ] 

Sayomyia  rotundifolia  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:366. 

Syntypes,  4:  1)  Sayomyia  rotundifolia  Karner,  N.Y.  Aug.  5  ’04  & 

genitalia  in  bal.  N.Y.S.  Museum.  2)  Sayomyia  rotundifolia 
Karner,  N.Y.  7  July  04  wing  in  bal.  2  Aug.  ’04  s.  no.  14 
N.Y.S.  Museum  "lectotype".  3)  Sayomyia  rotundifolia  Karner  N.Y. 
Aug  2  *04  wing  in  bal.  ?  N.Y.S.  Museum  s.  no.  13.  4)  Sayomyia 

rotundifolia  Karner,  N.Y.  18  July  ’04  larva  in  bal.  N.Y.S.  Mus. 

[Chaoborus  flavicans  (Meigen) ] 

CHLOROPIDAE 

Anthracophaga  distichliae  Malloch,  1918,  Jour.  Econ.  Ent.  11:386. 

Syntype,  1:  Long  Beach,  Cal.  7  Je  1916  N.Y.S.  Coll./  Anthracophaga 
distichliae  Mall.  Type. 

[Chlorops  distichliae  (Malloch)] 
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CULICIDAE 


Culex  abfitchii  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:381. 

LECTOTYPE,  present  designation:  A  slide  of  the  siphon  in  balsam 
bearing  the  following  labels:  Culex  abfitchii  Earner  N.Y.  3 
May  ’04  Siphon  in  Bal.  18  May  '04  [according  to  D.  M.  Wood,  this 
slide  is  probably  the  one  used  for  the  photograph  in  the 
original  publication.  The  lectotype  designation  is  hereby 
credited  to  D.  M.  Wood]. 

Paralectotypes ,  8:  N.Y. 

[ Aedes  excrucians  (Walker) ] 

Culex  abserratus  Felt  &  Young,  1904,  Science  20:312. 

?Lectotype?:  Elizabethtown,  N.Y.  cast  skin  Culex  abserratus  (slide) 

[lectotype  written  in  red  glassware  pen  -  unpublished?]. 

Paralectotypes,  2:  N.Y.  [slide  mounts]. 

[Aedes  abserratus  (Felt  &  Young) ] 

Culex  absobrinus  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:318. 

Lectotype:  Elizabetht.,  N.Y.  July  14,  1904. 

Paralectotype,  1:  N.Y.  [includes  12  slide  mounts  of  adult  and 
larval  parts], 

[Culiseta  impatiens  (Walker)] 

Culicelsa  auroides  Felt,  1905,  N.Y.S.  Mus.  Bull.  97:448. 

?Synytpe?,  1:  Elizabethtown,  N.Y.  May  16,  1905  N.Y.S.  Coll,  [not 
labeled  type  but  with  Felt's  or  Young's  label  "auroides"  and 
six  slide  mounts  of  dissected  parts]. 

[Aedes  punctor  (Kirby) ] 

Culex  brittoni  Felt,  1905,  Ent.  News  16:79. 

Holotype:  Branford,  Ct.  June  1904  H.  L.  Viereck/  Culex  brittoni 
Felt  [also  have  slide  of  wing  and  slide  of  scales  on  head]. 

[Culiseta  morsitans  (Theobald) ] 

Culex  cinereoborealis  Felt  &  Young,  1904,  Science  20:312. 

Lectotype:  Delmar,  N.Y.  23  Aor  04  whole  in  balsam  [slide]. 

Paralectotypes,  2:  Elizabethtown  &  Karner,  N.Y.  [includes  11  slides 
of  dissected  parts] . 

[Aedes  trichurus  (Dyar) ] 

Culex  fitchii  Felt  &  Young,  1904,  Science  20:312. 

Lectotype:  Karner,  N.Y.  16  May  04  skin  no.  38,  al042  (slide). 

Paralectotypes,  8:  N.Y. 

[Aedes  fitchii  (Felt  &  Young)] 

Worcesteria  grata  Banks,  1906,  Philipp.  Jour.  Sci.  1:780. 

Paratype,  1:  Mailum,  Negros  Occ. ,  P.I.  coll,  by  Banks.  1)  ?  head 
&  genitalia,  acc.  6071  cotype.  2)  ?  body,  acc.  6071  cotype. 

3)  ?  wing,  acc.  6071  cotype  [one  specimen  on  three  slides  - 
according  to  original  description,  type  of  &  and  ?  in 
Manila,  P . I . ] . 

[Toxoryhnchites  amboinensis  (Doleschall) ] 

Culex  lazarensis  Felt  &  Young,  1904,  Science  20:312. 

Syntypes,  2:  1)  Elizabetht.,  N.Y.  Je  11,  1904,  N.Y.S.  Coll.  ?/ 

Culex  lazarensis  F  &  Y  cotype.  2)  [same  data]  June  1904/  skin 
no.  64. 

[Aedes  communis  (DeGeer) ] 
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Culex  magnipennis  Felt,  1904,  N.Y.S.  Mus .  Bull.  79:322. 

Syntypes,  3:  1)  Sodus  Point,  N.Y.  Aug.  29,  1904  ?.  2,3)  Sodus  Point 

N.Y.  Aug.  31,  1904  ?  (one  with  no  wings  labeled  by  Felt 
"magnipennis")  [plus  ten  slides  of  larval  and  adult  parts] . 

[Culiseta  inornata  (Williston)] 

Myzomyia  mangyana  Banks,  1906,  Philipp.  Jour.  Sci.  1:991. 

Syntype,  1:  Baco  River,  Mindora,  P.I.  coll.  R.  C.  McGregor  1)  ¥ 

head  &  genitalia,  acc.  3290.  2)  ?  body,  acc.  3290.  3)  ¥  wing, 

acc.  3290  [one  specimen  on  three  slides], 

[Anopheles  mangyanus  (Banks) ] 

Culex  onandagensis  Felt,  1904,  N.Y.S.  Mus.  Bull.  79:304. 

Holotype:  Syracuse,  N.Y.  19  Sept.  1904/  wing  in  balsam/  Culex 

onandagensis  Felt  type  [includes  following  two  slides]:  1) 

Culex  onandagensis  Syracuse,  N.Y.  19  Sept.  '04  Holotype  wing  in 
Bal.  21  Sept.  '04.  2)  Culex  onandagensis  Syracuse,  N.Y. 

Holotype  legs  in  Bal.  Sept.  22  04. 

[Aedes  dorsalis  (Meigen) ] 

Culex  particeps  Adams,  1903,  Kans .  Univ.  Sci.  Bull.  2:26. 

Lectoparatypes ,  2:  Ariz. 

[ Culiseta  particeps  (Adams)] 

Culex  pretans  Grossbeck,  1904,  Ent.  News  15:332. 

Syntypes,  2:  Chester,  N.Y.  IX-16/  cotype/  N.Y.S.  Coll./  Culex 

pretans  Grossbeck  =  sticticus.  2)  Gt.  Piece  Mdw. ,  N.Y.  viii-22/ 
cotype/  N.Y.S.  Coll. 

[Aedes  sticticus  (Meigen) ] 

Culicada  suhcantans  Felt,  1905,  N.Y.S.  Mus.  Bull.  97:474. 

Syntypes,  4:  1)  C.  cantans  8/  Karner,  N.Y.  May  2,  1905  N.Y.S.  Coll. 

2)  Karner,  N.Y.  May  6,  1905  N.Y.S.  Coll.  3)  [same  data]  May  10, 
1905.  4)  [same  data]  May  11,  1905  [also  30  slides  of  larval  and 
adult  parts] . 

[Aedes  stimulans  (Walker) ] 

DIXIDAE 

Dixa  johannseni  Garrett,  1924,  New  Amer.  Dixidae,  Cranbrook,  B.C.  p.  7. 

Paratypes,  4:  B.C. 

Dixa  serrata  Garrett,  1924,  New  Amer.  Dixidae,  Cranbrook,  B.C.  p.  2. 

Paratypes,  2:  B.C. 

Dixa  spiralis  Garrett,  1924,  New  Amer.  Dixidae,  Cranbrook,  B.C.  p.  1. 

Syntypes,  6:  1)  Cranbrook,  B.C.  8*VII,  Dixa  spiralis  Garr.  ?,  of 

type  series  C.  B.  D.  Garrett.  2,3)  Wasa,  B.C.  23’X’23/  C. 
Garrett  Collector/  Dixa  spiralis  Garr.  <3  of  type  series.  4,5) 
[same  data]  21*X*23.  6)  [same  data]  22*X*23. 

[Dixa  somnolenta  Dyar  &  Shannon] 

DOLICHOPODIDAE 

Medeterus  crassivenus  Curran,  1928,  N.Y.S.  Mus.  Bull.  274:199. 

Holotype:  Nassau,  N.Y.  May  10,  1911/  N.Y.S.  Coll./  Medeterus 
crassivenus  Curran  o'  holotype. 

Allotype:  Cooperstown,  N.Y.  23  Aug  1911  ?  allotype  [original 

description  gives  Aug  4,  1911]. 

Paratype,  1:  N.Y. 


28 


[Medetera  crassivenus  (Curran) ] 

Argyra  currani  Van  Duzee,  1925,  U.S.  Natl.  Mus.  Proc.  66(23) :24. 
Paratypes,  2:  Que. 

Diaphorus  cylindricus  Van  Duzee,  1924,  Can.  Ent.  56:248. 

Paratypes,  4:  Que. 

[ Nematoproctus  cylindricus  (Van  Duzee) ] 

Medeterus  furcatus  Curran,  1928,  N.Y.S.  Mus.  Bull.  274:200. 

Holotype:  Nassau,  N.Y.  15  Apr,  1911  N.Y.S.  Coll./  Medeterus 
furcatus  Curran  Type. 

Allotype:  Nassau,  N.Y.  24  Apr,  1911  N.Y.S.  Coll./  Medeterus 
furcatus  Curran  Allotype. 

[Medetera  furcata  Curran] 

Chrysotus  hirtipes  Van  Duzee,  1924,  Buff.  Soc.  Nat.  Sci.  Bull.  13(3): 22. 
Paratype,  1:  Alta. 

Dolichopus  marginatus  Aldrich,  1893,  Kans.  Univ.  Quart.  2:17. 

Syntypes,  2:  1,2)  Williston,  Conn.  N.Y.S.  Coll./  Dolichopus 

marginatus  Aldrich  Type. 

Argyra  setipes  Van  Duzee,  1925,  U.S.  Natl.  Mus.  Proc.  66(23) :31. 
Paratypes,  2:  Ont . 

Medeterus  simplicipes  Curran,  1928,  N.Y.S.  Mus.  Bull.  274:202. 

Holotype:  Nassau,  N.Y.  29  Apr  1911  N.Y.S.  Coll./  Medeterus 
simplicipes  Curran  Type. 

Argyra  thoracica  Van  Duzee,  1925,  U.S.  Natl.  Mus.  Proc.  66(23)  :23. 
Paratype,  1:  N.Y. 

Chrysotus  tibialis  Van  Duzee,  1924,  Buff.  Soc.  Nat.  Sci.  Bull.  13(3) :16. 
Paratype,  1:  N.Y. 

Medeterus  venatus  Curran,  1928,  N.Y.S.  Mus.  Bull.  274:201. 

Holotype:  Nassau,  N.Y.  May  9,  1911  N.Y.S.  Coll.  <f , 

Allotype:  [same  data]  ?. 

Paratype,  1:  N.Y. 


EMPIDIDAE 

Roederoides  juncta  Coquillet,  1901,  Orig.  Descr.  of  New  Diptera  rn 

Needham  &  Betten,  Aquatic  insects  in  the  Adirondacks,  N.Y.S. 
Mus.  Bull.  47:585. 

Holotype:  Saranac  Inn,  N.Y.  July  29,  1900  N.Y.S.  Coll./  det. 

Coquillet/  Roederoides  juncta  Coq.  cotype/  Roederoides  juncta 
Coq.  Genotype  cotype. 


PHORIDAE 

Phora  agarici  Lintner,  1895,  N.Y.S.  Mus.  Ann.  Rpt.  (1894),  48(1) : 399 . 

Syntypes,  13:  1)  Megaselia  agarici  <*/  Oct  9  1894  mushrooms/ 

cotype.  2)  [same  data]  Oct  8  1894.  3)  Megaselia  agarici  Oct 
1894  cr?.  4)  Glen  Cove,  LI  Oct  1894  rf?.  5)  [same  data].  6) 
Phora  agarici  Lintner  from  mushrooms  Oct.  1894  Wm.  Falconer 
Type  E.P.F.  Nov  ’95.  7)  Phora  agarici  Lintner  from  mushrooms 

Oct  18,  1894  Wm.  Falconer  Type  K.O.H.  E.P.F.  Dec  2,  95.  8) 

[same  data]  mounted  Dec.  5,  1894.  9)  [same  data]  mounted  Dec 

7,  1894.  10)  [same  data]  mounted  Nov  '95.  11,12)  [same  data] 

mounted  Dec.  6,  1894.  13)  Phora  agarici  Lintn.  Type  mushrooms 

Wm.  Falconer.  [Syntypes  1-5  pinned,  several  specimens  to  a  pin. 
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Syntypes  6-13  slide  mounts,  several  to  a  slide] . 

[ Megaselia  agarici  (Lintner) ] 

Phora  albidihalteris  Felt,  1898,  A  mushroom  Phora,  jin  Lintner,  Rpt.  Ins. 
N.Y.  12:228. 

Syntypes,  4:  1-3)  Phora  albidihalteris  Felt  Type/  Megaselia 

albidihalteris  ?  cotype.  4)  Phora  albidihalteris  Felt  Type  on 
mushrooms  Middlesex  Co.,  N.Y.  From  J.  B.  Smith  Mounted  Aug 
5/96.  E.P.F.  (slide). 

[Megaselia  nigra  (Meigen) ] 

SARCOPHAGIDAE 

Eumacr onychia  decens  Townsend,  1892,  Trans.  Amer.  Ent.  Soc.  19:99. 

Syntypes,  2:  1)  Cal./  6-6  or  9-9/  Harrg./  N.Y.S.  Coll./  Type/ 

Hilarella  decens  Towns,  cotype.  2)  Las  Cruces,  N.M.  6*2/  Type/ 
N.Y.S.  Coll./  Hilarella  decens  Towns,  cotype. 

SCIARIDAE 

Sciara  agraria  Felt,  1896,  The  fungus  gnats,  jin  Lintner,  Rpt.  Ins.  N.Y. 
12:225. 

?Lectotype?:  Albany,  N.Y.  June  6,  1896  N.Y.S.  Coll./  Dr.  Hailes 

mushroom  cellar/  Sciara  agraria  Felt  type/  Sciara  agraria  Felt/ 
Lectotype  Sciara  agraria  Felt. 

Lectoallotype:  [same  data]  June  12,  1896. 

Paratypes,  2:  N.Y. 

[Lycoriella  agraria  (Felt)] 

Sciara  caldaria  Lintner,  1895,  N.Y.S.  Mus.  Ann.  Rpt.  48(1) :398. 

Syntypes,  3:  1)  Boise,  Idaho  Nov.  *95/  S.  calderia  Lint.  TYPE/ 

Sciara  caldaria  Lintner.  2,3)  Sciara  caldaria  Lintner  Cotype. 

[Bradysia  caldaria  (Lintner)] 

Sciara  coprophila  Lintner,  1895,  N.Y.S.  Mus.  Ann.  Rpt.  48(1) :394. 

Paratypes,  8:  N.Y. 

[ Bradysia  coprophila  (Lintner) ] 

Sciara  fulvicauda  Felt,  1898,  The  fungus  gnats,  in  Lintner,  Rpt.  Ins.  N.Y. 
12:227. 

Syntypes,  4:  1,2)  Sciara  fulvicauda  Felt  Type/  cotype.  3)  [same 

data]  on  blackberry  in  Atlantic  Co.  4)  Sciara  fulvicauda  Felt 
Type/  Sciara  fulvicauda  cotype/  Southern  N.J./  Bred  from 
decaying  blackberry  roots. 

[ Bradysia  fulvicauda  (Felt)] 

Sciara  multisets  Felt,  1898,  The  fungus  gnats,  in  Lintner,  Rpt.  Ins.  N.Y. 
12:223. 

?Lectotype?:  Sciara  multiseta  Felt  Type/  on  mushrooms  Middlesex  Co./ 

Lectotype . 

Paralectotypes ,  2:  Middlesex  Co.  [New  Jersey]. 

[Lycoriella  multiseta  (Felt)] 

Sciara  pauciseta  Felt,  1898,  The  fungus  gnats,  jin  Lintner,  Rpt.  Ins.  N.Y. 
12:224. 

?Lectotype?:  N.  Brunsw  NJ/  Sciara  pauciseta  Felt  Type/  Bred  from 

decaying  potatoes  JBS/  Lectotype. 

Lectoallotype:  [same  data] . 

Paralectotypes,  3:  N.J. 
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[Lycoriella  pauciseta  (Felt)] 

Sciara  prolifica  Felt,  1898,  The  fungus  gnats,  in  Lintner,  Rpt.  Ins.  N.Y. 
12:226. 

?Lectotype? :  Berlin,  Mass.  Mar  22/97  J.  A.  Otherein/  Sciara 

prolifica  Felt  ?  lectotype. 

Paralectotypes ,  12:  Mass. 

[Brady sia  prolifica  (Felt) ] 

SIMULIIDAE 

Cnephia  (Ectemnia)  loisae  Stone  &  Jamnback,  1955,  N.Y.S.  Mus.  Bull. 

349:35. 

Paratypes,  2:  N.Y.  [two  slide  mounts  with  two  pinned  specimens, 
corresponding] . 

[Cnephia  invenusta  (Walker)] 

Prosimulium  rhizophorum  Stone  &  Jamnback,  1955,  N.Y.S.  Mus.  Bull.  349:28. 

Paratypes,  3:  N.Y.  [two  slides,  two  pinned  -  one  slide  is  of  pupal 
case  corresponding  to  pinned  specimen] . 

STRATIOMYIDAE 

Zabrachia  polita  Coquillet,  1901,  Orig.  Descr.  of  New  Diptera,  in 

Needham  &  Betten,  Aquatic  Insects  in  the  Adirondacks,  N.Y.S.  Mus. 
Bull.  47:585. 

Syntype,  1:  Saranac  Inn,  N.Y.  Aug  8,  1900  N.Y.S.  Coll./  Zabrachia 
polita  Coq.  Genotype  Cotype. 

SYRPHIDAE 

Syrphus  montivagus  Snow,  1895,  Kans.  Univ.  Quart.  3:236. 

Syntypes,  4:  Estes  Park  Aug.  '92  F.  H.  Snow/  Syrphus  montivagus  Snow 
Cotype/  Type. 

[Metasyrphus  montivagus  (Snow) ] 

TACHINIDAE 

Peleteria  confusa  Curran,  1925,  Roy.  Soc.  Can.  Proc.  6  Trans.,  ser.  3, 
19:253. 

Paratypes,  8:  N.Y. 

Rhynchodexia  confusa  West,  1924,  Psyche  31:185. 

Paratypes,  6:  N.Y. 

[Ptilodexia  confusa  (West)] 

Drepanoglossa  lucens  Townsend,  1891,  Trans.  Amer .  Ent.  Soc.  18:378. 

Syntypes,  2:  Las  Cruces  6*30  N.M. /  Type/  1902  N.Y.S.  Coll./ 

Epigrimyia  lucens  Towns.  Cotype. 

Cnephalia  pansa  Snow,  1895,  Kans.  Univ.  Quart.  3:182. 

Syntypes,  2:  1,2)  Las  Cruces  6*10  N.M./  Type/  Cnephalia  pansa  Snow/ 

Spallanzania  (Cnephalia)  pansa  Snow  Cotype. 

[Spallanzania  hebes  (Fallen)] 

TIPULIDAE 

Tipula  flavibasis  Alexander,  1918,  Can.  Ent.  50:414. 
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Paratypes,  2:  Kans. 

Tipula  helderbergensis  Alexander,  1918,  Can.  Ent.  50:64. 
Paratype,  1:  N.Y. 

Dicranoptycha  minima  Alexander,  1919,  Ent.  News  30:21. 
Paratype,  1:  Kans. 

Erioptera  needhami  Alexander,  1918,  Can.  Ent.  50:383. 
Paratype,  1:  N.Y. 

Dicranoptycha  tigrina  Alexander,  1919,  Ent.  News  30:21. 
Paratype,  1:  Kans. 


ARANEIDA 

DIPLURIDAE 

Microhexura  montivagus  Crosby  &  Bishop,  1925,  Ent.  News  36:145. 
Paratype,  1:  N.C. 


LEPTONETIDAE 

Leptoneta  silvicultrix  Crosby  &  Bishop,  1925,  Ent.  News  36:143. 
Paratypes,  3:  N.C. 


PHALANGIIDAE 

Odiellus  nubivagus  Crosby  &  Bishop,  1924,  Jour.  Elisha  Mitch.  Sci.  Soc. 
40:21. 

Paratypes,  9:  N.C. 


PISAURIDAE 

Dolomedes  okefinokensis  Bishop,  1924,  N.Y.S.  Mus.  Bull.  252:38. 

Holotype:  Okefinokee  Swamp,  Ga.  June  1912  Holotype  (in  alcohol). 

Allotype:  Type  of  &  Allotype.  &  (in  alcohol). 

Paratypes,  2:  Ga.  (in  alcohol). 

Thaumasis  peregrinus  Bishop,  1924,  N.Y.S.  Mus.  Bull.  252:62. 

Holotype:  Hot  Springs,  Ark.  June  27,  1901  ?. 

Paratype,  1:  Ark. 

NEMASTOMATIDAE 

Nemostoma  kepharti  Crosby  &  Bishop,  1924,  Jour.  Elisha  Mitch.  Sci.  Soc. 
40:24. 

Paratypes,  7:  N.C. 


ACARINA 

ACARIDAE 

Kuzinia  affinis  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc.  84(2) :77 . 

Holotype:  Hypopial  nymph,  Lakeville,  N.Y.,  August  10,  1927,  taken  on 
Bombus  perplexus  Cresson  by  M.  D.  Delfinado. 
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Paratypes,  10:  N.Y. 

Kuzinia  americana  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc.  84(2) : 7 8 . 

Holotype:  Hypopial  nymph,  Earner,  N.Y.,  June  1928,  taken  on  Psithyrus 
laboriosus  (Fab.)  by  M.  D.  Delfinado. 

Paratypes,  10:  N.Y. 


ASCIDAE 

Cheiroseius  hurlbutti  Baker,  Delfinado  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84(1) :59. 

Holotype:  ?  (unique)  Farmingdale,  L.I.,  N.Y.  June  30,  1973,  coll. 

M.  Delfinado  &  M.  Abbatiello.  Taken  in  bird's  nest. 

Lasioseius  tridentatus  Baker,  Delfinado  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84(1): 61. 

Holotype:  ?  Farmingdale,  L.I.,  N.Y.,  July  7,  1973,  Coll.  M.  Delfinado 

&  M.  Abbatiello,  coll,  in  a  bird's  nest. 

Paratype,  1:  [same  data]. 

CHEYLETIDAE 

Hemicheyletia  newyorkensrs  Delfinado  &  Khaing-Fields ,  1976,  Jour.  N.Y.  Ent. 
Soc.  84(3) :192. 

Holotype:  tf,  unique,  Flanders,  L.I.,  N.Y.,  from  leaf  litter  near  base 

of  tree,  M.  Delfinado  coll.,  July  16,  1973. 

Eucheyletia  nidicola  Delfinado  &  Khaing-Fields,  1976,  Jour.  N.Y.  Ent.  Soc. 
84 (3) : 193 . 

Holotype:  cf  (unique),  Newcomb,  Adirondack  Mts .  ,  N.Y.,  August  8,  1973, 
M.  Delfinado  Coll.,  collected  from  unidentified  mammal  nest. 

DERMANYSSIDAE 

Pellonyssus  nidicolus  Baker,  Delfinado  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84(1) :56. 

Holotype:  $  (unique),  Farmingdale,  L.I.,  N.Y. ,  June  30,  1973,  coll. 

M.  Delfinado  &  M.  Abbatiello,  in  bird's  nest. 

MACROCHELIDAE 

Macrocheles  disjunctus  Delfinado  &  Baker,  1975,  Jour.  N.Y.  Ent.  Soc.  83 
Cl):  55. 

Holotype:  ?,  Duncan  Falls,  Ohio,  June  18,  1916,  P.  Lowry,  coll., 

taken  on  venter  of  P.  disjunctus. 

Macrocheles  whartoni  Delfinado  &  Baker,  1975,  Jour.  N.Y.  Ent.  Soc. 

83(1) : 55 . 

Holotype:  ?,  Athens,  Georgia,  August  10,  1965,  Y.  T.  Chiu,  coll.,  on 

Passalid  beetle. 

Paratypes,  6:  [same  data]. 

PSEUDOCHEYLIDAE 

Anoplocheylus  transiens  Delfinado  &  Baker,  1974,  Jour.  N.Y.  Ent.  Soc. 

82(3) : 209. 

Holotype:  ?(?),  Rennselaerville,  N.Y.,  October  1973  (no  exact  date), 
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M.  Delfinado  coll.,  from  leaf  litter. 

Paratypes,  4:  [same  data]. 

SAPROGLYPHIDAE 

Sennertia  americana  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc.  84(2): 
84. 

Holotype:  Hypopial  nymph,  Albany,  N.Y. ,  June  6,  1901,  taken  on 
Carpenter  Bee,  Xylocopa  virginica  (L.)  by  M.  D.  Delfinado. 
Paratypes,  10:  N.Y. 

Sennertia  ignota  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc.  84(2) :87. 
Paratypes,  5:  Telara,  Peru. 

Sennertia  indica  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc.  84(2) :87. 
Paratype,  1:  Hissar,  India. 

Vidia  (Euvidia)  utahensis  Delfinado  &  Baker,  1976,  Jour.  N.Y.  Ent.  Soc. 
84(2) : 81. 

Paratypes,  5:  Utah. 


SCUTACARIDAE 

Imparipes  (I.)  adleri  Delfinado  &  Baker,  1976,  Acarologia  18(2): 283. 
Paratypes,  8:  Maryland. 

Scutacarus  (Variatipes)  af finis  Delfinado,  Baker  &  Abbatiello,  1976,  N.Y. 
Ent.  Soc.  84:107-9. 

Holotype:  ?,  Albany  Co.,  N.Y.  (Airport),  August  17,  1974,  taken  from 

litter  in  a  wooded  area  near  airport,  M.  Delfinado  coll. 
Paratype,  1:  N.Y. 

Scutacarus  (S.)  communis  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 
Ent.  Soc.  84:122-4. 

Holotype:  ?,  Ausable,  Champlain  Region,  N.Y.,  September  14,  1973, 

from  moss,  M.  Delfinado  coll. 

Paratypes,  5:  N.Y. 

Scutacarus  (V , )  contiguus  Delfinado,  Baker  &  Abbatiello,  1976,  N.Y.  Ent. 
Soc.  84:109-11. 

Holotype:  ?,  Albany  Co.  Airport,  August  17,  1974,  from  wooded  area 

on  Shaker  Road  1  mi.  west  of  airport,  M.  Delfinado  coll. 
Paratype,  1:  N.Y. 

Imparipes  (Imparipes)  cupes  Delfinado  &  Baker,  1978,  Jour.  N.Y.  Ent.  Soc. 
86(2) :92. 

Paratypes,  2:  N.Y.  i 

Scutacarus  (S.)  curtus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 

Ent.  Soc.  84:129. 

Holotype:  ?,  Mohawk  River  bank.  Crescent,  N.Y.,  October  4,  1973, 

from  debris  under  rotting  log,  M.  Delfinado  coll. 

Paratype,  1:  N.Y. 

Scutacarus  eichworti  Delfinado  &  Baker,  1976,  Acarologia  18(2) :298. 

Holotype:  ?,  wooded  area  1/2  mile  W.  of  Albany  Co.  airport,  Colonie, 

N.Y. ,  August  17,  1974,  taken  from  leaf  litter  near  bee  nest  by 
M.  Delfinado. 

Paratype,  1:  N.Y. 

Scutacarus  (S.)  formosus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 
Ent.  Soc.  84:120. 

Holotype:  ?,  Rt.  9,  New  Baltimore,  N.Y.,  July  16,  1974,  from  Pine 
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debris,  M.  Delfinado  coll. 

Paratype,  1:  N.Y. 

Scutacarus  ( S .)  grosi  Delfinado,  Baker  &  Abbatiello ,  1976,  Jour.  N.Y.  Ent 
Soc.  84*126-8. 

Holotype:  ?,  Heckscher  Park,  L.I.,  N.Y.,  June  15,  1973,  from  leaf 

litter,  M.  Delfinado  coll. 

Paratypes,  4:  N.Y. 

Scutacarus  impar  Delfinado  &  Baker,  1976,  Acarologia  18(2) : 2 88 . 

Holotype:  ?,  bog  south  of  Chestertown,  Warren  Co.,  N.Y.,  July  22, 

1974,  taken  from  Sphagnum  by  M.  Delfinado. 

Paratypes,  2:  N.Y. 

Scutacarus  (S.)  unicus  indefinitus  Delfinado  &  Baker,  1978,  Jour.  N.Y. 
Ent.  Soc.  86(2) : 96 . 

Holotype:  ?,  Cambridge,  N.Y.,  21  April  1976,  taken  from  bird's 

nest  by  M.  D.  Delfinado. 

Paratypes,  2:  N.Y. 

Imparipes  insulanus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84:138-40. 

Holotype:  ?,  Colonie,  2  mi.  W.  of  airport,  Albany  Co.,  N.Y. ,  from 

leaf  litter  in  wooded  area,  April  10,  1973,  M.  D.  Delfinado 
coll. 

Paratype,  1:  N.Y. 

Imparipes  (I.)  ithacensis  Delfinado  &  Baker,  1976,  Acarologia  18(2): 279. 

Paratypes,  2:  N.Y. 

Scutacarus  ( V .)  jacoti  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 
Ent.  Soc.  84:112. 

Holotype:  ?,  boggy  thickets  5  mi.  east  of  Taborton,  Rensselaer  Co., 

N.Y.,  August  5,  1974  M.  D.  Delfinado  coll. 

Imparipes  longitarsus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y.  Ent 
Soc.  84:129-33. 

Holotype:  $,  Rt.  87,  Lake  Champlain,  N.Y. ,  August  15,  1973,  from 

sphagnum  moss,  M.  D.  Delfinado  coll. 

Paratype,  1:  N.Y. 

Scutacarus  ( S .)  meansi  Delfinado  &  Baker,  1978,  Jour.  N.Y.  Ent.  Soc. 

86(2) : 94 . 

Holotype:  ?,  Cambridge,  N.Y.,  21  April,  1976,  taken  from  bird's 

nest  by  M.  D.  Delfinado. 

Paratypes,  2:  N.Y. 

Imparipes  (I.)  mexicanus  Delfinado  &  Baker,  1976,  Acarologia  18(2) :281. 

Paratypes,  2:  Tlaxcala,  Mexico. 

Scutacarus  (S . )  nearcticus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y 
Ent.  Soc.  84:128. 

Holotype:  ?,  Plattsburgh,  Champlain  region,  N.Y.,  August  15,  1973, 

from  humus,  M.  D.  Delfinado,  coll. 

Paratypes,  4:  N.Y. 

Scutacarus  (S.)  notabilis  Delfinado,  Baker  &  Abbatiello,  Jour.  N.Y.  Ent. 
Soc.  84:124-6. 

Holotype:  ?,  Ilion  Gulf,  stream  bank,  Herkimer  Co.,  N.Y. ,  Aug.  5, 

1974,  from  moss,  Drepanocladus  sp . ,  M.  Delfinado,  coll. 

Paratype,  1:  N.Y. 

Imparipes  parapicola  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84:140-3. 

Holotype:  ?,  Sunken  Meadow  State  Park,  Smithtown  Bay,  L.I.,  N.Y., 
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June  26,  1973,  from  tree  hole,  M.  Delfinado  &  M.  Abbatiello, 
coll . 

Paratypes,  4:  N.Y. 

Scutacarus  (S.)  pectinatus  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 
Ent.  Soc.  84:120-2. 

Holotype:  $,  near  Flanders,  L.I.,  N.Y. ,  July  16,  1973,  from  litter, 

M.  Delfinado  &  M.  Abbatiello,  coll. 

Paratypes,  7:  N.Y. 

[Scutacarus  (S.)  bakeri  Mahunka  &  Rack] 

Scutacarus  (S.)  pedestris  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y. 
Ent.  Soc.  84:125. 

Holotype:  ?,  Cooperstown,  N.Y.,  August  26,  1973,  from  debris  near 

base  of  tree,  M.  Delfinado,  coll. 

Paratype,  1:  N.Y. 

Imparipes  similis  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 

Soc.  84:133. 

Holotype:  ?,  unique,  Crescent,  Mohawk  Valley,  October  4,  1973, 

from  rotten  log  near  river,  M.  Delfinado,  coll. 

[imparipes  delfinadoi  Mahunka  &  Rack] 

Scutacarus  (Variatipes)  subaf finis  Delfinado  &  Baker,  1978,  Jour.  N.Y. 

Ent.  Soc.  86(2) : 98 . 

Holotype:  ?,  Cambridge,  N.Y.,  21  April  1976,  taken  from  bird  nest, 

M.  D.  Delfinado,  coll. 

Paratypes,  4:  N.Y. 

Imparipes  tarsalis  Delfinado,  Baker  &  Abbatiello,  1976,  Jour.  N.Y.  Ent. 
Soc.  84:133-5. 

Holotype:  ?,  unique,  Sunken  Meadow  State  Park,  Smithtown  Bay,  L.I., 

N. Y.,  June  25,  1973,  from  tree  hole  debris,  M.  Delfinado  & 

M.  Abbatiello,  coll. 

Scutacarus  unicus  Delfinado  &  Baker,  1976,  Acarologia  18(2) :295. 

Holotype:  ?,  wooded  area  1/2  mile  west  of  Albany  Co.  airport, 

Colonie,  N.Y.,  August  7,  1974,  taken  from  leaf  litter  near  bee 
nest  by  M.  D.  Delfinado. 

Scutacarus  (Variatipes)  uniformis  Delfinado,  Baker  &  Abbatiello,  1976, 
Jour.  N.Y.  Ent.  Soc.  84:112-20. 

Holotype:  ?  (unique),  Farmingdale,  L.I.,  N.Y.,  June  30,  1973,  from 

a  bird’s  nest,  M.  Delfinado  &  M.  Abbatiello,  coll. 

Imparipes  (I.)  vulgaris  Delfinado  &  Baker,  1976,  Acarologia  18(2) :286. 
Paratypes,  10:  Calif. 

SPIRATYDEIDAE 

Scolotydeus  simplex  Delfinado  &  Baker,  1974,  Jour.  N.Y.  Ent.  Soc.  82(3): 
207 . 

Holotype:  <* ,  Hague,  Lake  George,  Adirondack  Park,  N.Y.,  October  11, 

1973,  from  pine  debris,  bark,  and  roots,  M.  Delfinado  &  E. 

Baker,  coll. 

Paratype,  1:  N.Y. 

TARS  OCHEYLIDAE 

Hoplocheylus  americanus  Delfinado  &  Baker,  1974,  Jour.  N.Y.  Ent.  Soc. 

82(3) :205. 
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Holotype:  ?,  Lake  Champlain  region,  N.Y.,  October  15,  1973,  from 

soil  and  pine  debris,  M.  Delfinado  &  E.  Baker,  coll. 

Paratypes,  4:  N.Y. 

Hoplocheylus  simills  Delfinado  &  Baker,  1974,  Jour.  N.Y.  Ent.  Soc.  82 
(3) : 203 . 

Holotype:  ?,  Sunken  Meadow,  North  Shore,  L.I.,  N.Y.,  June  26,  1973, 

from  tree  hole  debris,  M.  Delfinado  &  M.  Abbatiello,  coll. 
Paratypes,  2:  N.Y. 


TARSONEMIDAE 

Tarsonemus  acerbilis  Delfinado,  1978,  Jour.  N.Y.  Ent.  Soc.  86C2):66. 

Holotype:  ?,  Schenectady,  N.Y.,  July  7,  1976,  in  eriophyid  galls  on 

leaves  of  Acer  saccharinum  L.,  E.  W.  Baker  &  M.  D.  Delfinado, 
coll . 

Paratypes,  10:  N.Y. 

Tarsonemus  ascltus  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :257. 

Holotype:  ?,  Rt.  20  near  Duanesburg,  Schoharie  Co.,  N.Y.,  August 

21,  1974,  taken  from  barn  hay,  M.  D.  Delfinado,  coll. 

Paratypes,  7:  N.Y. 

Tarsonemus  blakemorei  Delfinado,  1978,  Jour.  N.Y.  Ent.  Soc.  86(2) :71. 

Holotype:  $,  Middle  Grove,  Saratoga  Co.,  N.Y.,  29  October,  1976, 

taken  from  blackbird  nest,  E.  Blakemore,  coll. 

Paratypes,  10:  N.Y. 

Tarsonemus  dubius  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :259. 

Paratypes,  4:  N.Y. 

Tarsonemus  edwardi  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  86(2) :73. 

Holotype:  ?,  Schenectady,  N.Y.,  July  7,  1976,  in  eriophyid  galls  on 

leaves  of  Acer  saccharinum  L.,  E.  W.  Baker  &  M.  D.  Delfinado, 
coll . 

Paratypes,  10:  N.Y. 

Tarsonemus  imitatus  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4): 265. 

Holotype:  ?,  Sharon  Springs,  Rt.  20,  N.Y. ,  October  17,  1975,  from 

bird  nest,  M.  Delfinado,  coll. 

Tarsonemus  insignis  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :266. 

Holotype:  ?,  Farmingdale,  L.I.,  N.Y.,  July  14,  1973,  taken  from 

bird  nest,  M.  Delfinado  &  M.  Abbatiello,  coll. 

Paratypes,  3:  N.Y. 

Tarsonemus  irregularis  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84 (4): 267. 

Paratype,  1:  N.Y. 

Tarsonemus  neotalpae  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4): 268. 

Holotype:  ?,  Cranberry  Lake,  St.  Lawrence  Co.,  N.Y.,  August  1974, 

from  owl  pellets,  J.  R.  Philips,  coll. 

Paratypes,  4:  N.Y. 

Tarsonemus  nidicolus  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :268. 

Holotype:  ?,  Sharon  Springs,  Rt.  20,  N.Y.,  October  17,  1975, 

M.  Delfinado,  coll. 

Paratypes,  10:  N.Y. 

Steneotarsonemus  oconnori  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :256. 

Paratypes,  2:  N.Y. 

Tarsonemus  praesignis  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) :269. 

Holotype:  ?,  Saratoga,  N.Y.,  July  26,  1973,  taken  from  flycatcher 

nest,  M.  D.  Delfinado,  coll. 
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Paratype,  1:  N.Y. 

Tarsonemus  similis  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4) : 27 1 . 

Holotype:  ?,  Delmar,  N.Y.,  April  13,  1973,  taken  from  bird's  nest, 

M.  D.  Delfinado,  coll. 

Paratypes,  8:  N.Y. 

Tarsonemus  smileyi  Delfinado,  1976,  Jour.  N.Y.  Ent.  Soc.  84(4): 270. 

Holotype:  ?,  Farmingdale,  L.I.,  N.Y. ,  June  30,  1973,  taken  from 

bird's  nest,  M.  Delfinado  &  M.  Abbatiello,  coll. 

Paratypes,  5:  N.Y. 

Tarsonemus  socius  Delfinado,  1978,  Jour.  N.Y.  Ent.  Soc.  86(2) :78. 

Holotype:  ?,  Beltsville,  Maryland,  June  1,  1976,  from  milled  oats, 

E.  W.  Baker  &  M.  D.  Delfinado,  coll. 

Paratypes,  2:  Maryland. 

Tarsonemus  vulgaris  Delfinado,  1978,  Jour.  N.Y.  Ent.  Soc.  86(2):79-81. 
Holotype:  2,  Shaker  Road,  Albany,  N.Y. ,  27  May  1975,  taken  from 

Robin  nest,  E.  Blakemore,  coll. 

Paratypes,  6:  N.Y. 
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PREFACE 


OUR  GOAL  in  producing  this  series  is  to  present  a  useful  and  authoritative  account  of  the  plants 
of  New  York  State.  This  series  of  contributions  is  intended  to  reflect  the  knowledge  and  taxonomic 
opinions  of  specialists  who  prepare  the  manuscripts,  while  following  a  generalized  format  for  con¬ 
sistency.  Inclusion  of  ecological,  distributional,  medical  and  economic  information  on  each  species 
is  also  one  of  our  major  aims.  Habitat  references,  flowering  times,  pertinent  synonymy,  etc.,  apply 
specifically  to  New  York  plants  rather  than  to  the  entire  ranges.  Complete  illustration  should  facili¬ 
tate  identification  of  specimens  for  those  who  are  not  formally  trained  in  botany.  Descriptions  are 
original,  ordered  and  as  complete  as  possible  to  provide  sequential  cross-referencing. 

Distribution  maps  accompany  species  of  seed  plants,  ferns,  mosses,  lichens  and  some  groups  of 
fungi.  These  are  plotted  by  counties  to  eliminate  pinpointing  endangered  habitats,  while  offering 
an  accurate  visual  picture  of  past  collecting.  Maps  are  based  on  the  master  file  at  the  New  York 
State  Museum,  Albany,  and  supplemented  by  available  data  (specimens  examined  by  the  authors) 
from  herbaria  housing  significant  New  York  collections.  Specific  data  or  literature  citations  for  any 
map  may  be  obtained,  on  approval,  from  the  Museum. 

We  hope  that  these  bulletins  will  serve  individuals  with  interest  in  the  flora,  as  well  as  to  pro¬ 
vide  information  for  State  and  Federal  agencies,  conservation  organizations,  industry  and  the  sci¬ 
entific  community.  With  these  works  go  our  hopes  for  the  preservation  and  wise  use  of  a  precious 
and  lifegiving  resource  .  .  .  our  State’s  plantlife. 


Richard  S.  Mitchell,  Editor 


The  New  York  State  Flora  Committee 

The  steering  council  of  the  New  York  State  Flora  Committee  met  for  the  first  time  on  January 
19,  1976,  and  established  as  its  goals  the  promotion  of  study  of  the  State’s  plant  resources  and  the 
publication  of  this  series  of  Museum  Bulletins.  These  contributions  will  be  continually  updated 
after  publication  for  possible  incorporation  into  larger  volumes  at  a  later  date. 

Members  of  the  council  at  the  time  of  this  publication  are: 

Richard  S.  Mitchell,  Chairman,  State  Botanist,  N.Y.  State  Museum,  Albany  (Vascular  Plants) 
Charles  J.  Sheviak,  Curator  of  Botany,  N.Y.  State  Museum,  Albany  (Vascular  Plants) 

Robert  T.  Clausen,  Cornell  University,  Ithaca  (Vascular  Plants) 

Edwin  H.  Ketchledge,  College  of  Environmental  Science  and  Forestry,  Syracuse  (Bryophytes) 
Clark  T.  Rogerson,  New  York  Botanical  Garden,  New  York  (Fungi) 

George  J.  Schumacher,  Biology  Department,  SUNY,  Binghamton  (Algae) 
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All  economic  uses,  folklore,  medical  and  pharmaceutical  notes, 
uses  as  foodstuffs,  etc.,  are  compiled  from  the  literature  and  do 
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incorrectly  employed.  Some  are  not  effective  and  are  presented 
for  historical  interest  only. 
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FOR  ALL  MAPS  IN  THIS  PUBLICATION  THE  FOLLOWING 
SYMBOLS  APPLY: 

Solid  dot — specimen  seen  by  author;  data  on  file  at  the  State  Her¬ 
barium  (NYS) 

Circle — Field  observation  with  location  data  and  observers  name  on  file 
(NYS) 

Hollow  triangle — Literature  citation  on  file  (NYS) 

FOR  ALL  ILLUSTRATIONS  IN  THIS  PUBLICATION  THE 
FOLLOWING  LETTER-DESIGNATIONS  APPLY: 


A.  Habit  sketch 

G.  Inflorescence 

B.  Silhouette 

H.  Fruit  section 

C.  Fruit  or  fruit  cluster 

J.  Seed 

D.  Twig  or  winter  branch 

K.  Rhizome 

E.  Bark/ trunk 

M.  Leaf  whorl 

F.  Flower 
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Magnoliaceae  (Magnolia  Family) 

The  Magnoliaceae  is  a  family  of  ancient  lineage,  comprising  12  genera  and  some  200  species.  These  are  primarily 
native  to  temperate  and  subtropical  Asia  and  North  America,  but  some  range  southward  to  Java  and  Brazil.  Mem¬ 
bers  of  Magnoliaceae  are  absent  in  Europe,  Africa  and  Australia.  Two  species  of  Magnolia  and  one  Liriodendron 
are  native  to  New  York  State.  Asiatic  Magnolias  and  their  artificial  hybrids  are  quite  popular  horticulturally,  espe¬ 
cially  section  Yulania,  known  for  precocious  and  spectacular  flowers  which  appear  in  spring,  when  plants  are  virtu¬ 
ally  devoid  of  leaves.  Tulip-tree  (Liriodendron)  and  several  species  of  North  American  evergreen  and  deciduous 
Magnolia  are  grown  as  ornamental  shade  trees  within  and  outside  their  natural  ranges.  The  family  is  also  of  some 
importance  in  North  America  in  terms  of  wood  production. 

FAMILY  DESCRIPTION 

Deciduous  or  evergreen  shrubs  and  trees.  Trunks  of  some  species  reach  a  height  of  over  40  meters.  Bark  is  ridged 
with  age  or  scaling  and  flaking,  often  aromatic.  Stipules  are  free  or  adnate  to  the  petiole,  and  leave  conspicuous 
scars  on  the  twigs.  Leaves  are  simple,  pinnately  veined,  alternate,  and  sometimes  lobed,  possessing  etherial  oil 
cells.  Flowers  are  solitary,  axillary  or  terminal,  nearly  always  bisexual.  Flower  buds  are  enclosed  in  1-3  tough 
bracts  which  are  deciduous  as  the  flower  expands.  The  perianth  is  of  5-30  (33)  free  parts  (tepals),  spiral  or  arranged 
in  two  or  more  whorls.  The  perianth  is  relatively  undifferentiated  except  in  Liriodendron,  where  sepals  and  petals 
are  distinguishable.  Stamens  are  numerous,  often  fleshy  or  appendaged;  anthers  2-locular  and  longitudinally  dehis¬ 
cent  (extrorse  or  introrse).  The  stamens  spiral  on  the  elongate  central  axis  of  the  flower,  leaving  a  zone  of  scars 
beneath  the  fruit  (either  contiguous  or  not).  Ovaries  are  also  spirally  arranged  on  the  central  axis,  each  ovary  con¬ 
sisting  of  a  free  or  basally  fused  conduplicate  carpel.  Each  carpel  has  2-6  anatropous,  bitegmic,  crassinucellar 
ovules.  Fruits  are  in  cone-like  aggregates  of  woody  follicles  or  samaras.  Seeds  are  one  to  several  per  fruit  with  tiny 
embryos  imbedded  in  copious,  oily  endosperm. 


KEY  TO  GENERA 

1.  Leaves  acute  to  obtuse,  uncut;  flowers  not  marked  with  orange;  anthers  introrse;  fruit  remaining  in  a  cone-like 

aggregate  of  dehiscent  follicles,  unwinged . 1.  Magnolia  (p.  1) 

1.  Leaves  truncate,  notched  and  lobed;  flowers  bicolored,  yellow-green  with  orange  marks;  anthers  extrorse;  fruit 
dry,  indehiscent,  winged,  falling  separately . 2.  Liriodendron  (p.  4) 


1.  MAGNOLIA 

Common  Names:  Magnolia,  Cucumber-tree,  Sweet-bay 
Authority:  Linnaeus,  Species  Pi.  I,  pp.  535-536,  1753 

A  genus  of  approximately  80  trees  and  shrubs,  represented  in  New  York  State  by  two  native  species. 

Description:  Flowers,  bisexual;  stigmas  1  per  carpel,  papillate;  styles  1  per  carpel,  recurved  or  hooked  at  tips; 
carpels  numerous,  spiraling  on  the  floral  axis,  each  caipel  sessile  or  short-stipitate,  cylindric,  bearing  two  ovules, 
becoming  a  coriaceous  to  woody  follicle  which  dehisces  along  a  longitudinal  suture;  fruits  in  a  cone-like  aggregate; 
seeds  1-2  per  follicle  (or  aborted),  remaining  temporarily  attached  to  the  fruit  by  vascular  threads,  drupe-like,  with 
a  reddish,  leathery  to  fleshy  outer  coat  and  a  hard  inner  layer;  stamens  spiraling  on  the  axis,  numerous,  caducous, 
fleshy,  without  differentiated  filaments,  often  appendaged  at  tips;  anther  sacs  introrsely  or  laterally  dehiscent; 
perianth  of  undifferentiated  tepals;  tepals  (5)  6-15  (33),  broadly  oval  to  linear,  greenish-yellow,  white,  pink,  or 
purplish,  similar  to  one  another  in  size  and  shape  (rarely  the  outer  whorl  reduced);  flowers  solitary,  often  fragrant, 
appearing  with  the  leaves  or  before;  flower  buds  enclosed  in  spathe-like,  glabrous  to  densely  pubescent  bracts 
which  drop  early,  leaving  scars  on  the  peduncle;  leaves  simple,  alternate  or  falsely  whorled,  evergreen  or  decidu¬ 
ous,  blades  coriaceous  to  fleshy,  sometimes  basally  lobed  or  emarginate  at  the  apex;  petioles  thick;  stipules  cadu¬ 
cous,  free  or  attached  to  the  petiole,  leaving  scars;  twigs  with  mixed  winter  buds,  both  vegetative  and  floral;  bark 
variously  ridged  or  peeling;  trunks  to  40  m  in  height;  perennial  shrubs  or  trees. 
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KEY  TO  MAGNOLIA  SPECIES 
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1.  Leaves  conspicuously  silver-gray  beneath;  tepals  or  mature  fruiting  axes  less  than  5  cm  long . 

. 1.  Magnolia  virginiana  (p.  2) 

1.  Leaves  pale  green  beneath;  tepals  or  mature  fruiting  axes  5-12  cm  in  length . 2.  Magnolia  acuminata  (p.  3) 


1.  Magnolia  virginiana  L. 

Common  Names:  Sweet-bay,  Swamp-bay,  Magnolia- 
bay,  Bay,  Magnolia-laurel,  Beaver-tree 

Type  Description:  Linnaeus,  Species  Pi.  I,  p.  535, 
1753 

Synonyms:  M.  australis  Ashe,  M.  glauca  L. 

Origin:  Eastern  North  America 

Habitats:  Swampland,  poorly  drained  coastal  plain 
forests 

Habit:  Lax  shrub  or  slender  tree,  late-deciduous  to 
evergreen 

Flowering:  June-July  (September) 

Fruiting:  July-November 

General  Distribution:  Long  Island  and  Massachusetts 
coast  south  to  Florida,  west  to  Texas 


Description:  Flowers  bisexual;  stigmatic  surfaces  punctate  on  reflexed  styles,  1  per  carpel;  ovaries  numerous,  each 
a  conduplicate  carpel,  greenish,  glabrous,  spirally  arranged,  ca.  1  cm  long,  cylindric,  each  becoming  a  short- 
beaked,  ellipsoid  follicle;  follicle  1-2  cm  long,  reddish  to  purple-brown  at  maturity;  fruiting-cone  ellipsoid,  3-5  cm 
long;  seeds  0-2  per  follicle,  ovoid,  0.8-1. 1  cm  long,  red;  stamens  few,  8-9  mm  long,  with  acute  appendages;  tepals 
spatulate  to  orbicular,  3-5  (9)  cm  long,  white  to  cream  colored,  appearing  with  leaves,  6-15  (18)  in  number,  the 
outer  3  usually  reflexed,  the  inner  ones  forming  a  subglobose  flower;  flower  3-5  cm  long,  white  to  cream  colored, 
fragrant,  opening  with  the  leaves;  bud  scales  sericeous;  peduncle  stout,  1-2  cm  long,  glabrous  to  sericeous;  leaves 
alternate,  late-deciduous  (evergreen  further  south),  narrowly  oblong  to  oblong-elliptic  or  lanceolate,  4-11  (17)  cm 
long,  2-5  (6.5)  cm  broad,  acute  tipped,  cuneate  to  acute  at  bases,  upper  surfaces  bright  green,  glabrous  or  finely 
pubescent,  copiously  sericeous  on  lower  surfaces  with  a  silver-gray  sheen  (rarely  greenish);  petioles  yellow-green, 
1.5-2  (3)  cm  long;  stipule  scars  extending  nearly  to  the  lamina  base;  twigs  glabrous  to  densely  sericeous,  greenish 
becoming  purple-brown  with  age;  pith  strongly  septate;  winter  buds  sericeous;  bark  of  trunk  and  older  limbs 
gray-brown,  flaking  and  forming  furrowed  plates;  branching  system  open,  lax;  trunks  up  to  1  m  (d.b.h.),  30  m  in 
height.  (2n  =  38). 
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Infraspecific  Variation  and  Hybridization:  Differences  in  deciduousness  and  persistence  of  pubescence  on  leaves, 
petioles  and  twigs  have  been  used  to  separate  southern  var.  australis  Sarg.  from  ours.  These  characters  are  quite 
variable  and  seem  to  represent  a  rough  longitudinal  cline.  Multiple  trunked,  shrub-like  habit  prevails  in  some  loca¬ 
tions,  and  may  either  be  genetically  fixed  or  environmentally  induced.  Hybrids  are  recorded  between  this  species 
and:  M.  hypoleuca  Sieb  &  Zucc.,  M.  macrophylla  Michx.,  M.  tripetala  L.,  M.  grandiflora  L.  and  M.  guatemalen- 
sis  J.  D.  Smith. 

Importance:  The  wood  is  used  in  furniture  manufacture  for  both  structural  components  and  face-veneer.  The  plant 
is  sometimes  cultivated  as  a  moisture  and  shade-tolerant  tree. 


2.  Magnolia  acuminata  (L.)  L. 

Common  Names:  Cucumber-tree,  Mountain  Magnolia, 
Cucumber  Magnolia 

Type  Description:  Linnaeus,  Syst.  Nat.  ed.  10,  vol.  2, 
p.  1082,  1759 

Synonyms:  M.  virginiana  var.  acuminata  L.,  M. 
acuminata  var.  ludoviciana  Sarg.,  Tulipastrum 
americanum  Spach,  Tulipastrum  acuminatum  (L.) 
Small 

Origin:  Eastern  North  America 

Habitats:  Rich,  moist  soils  of  loose  texture,  primarily  in 
uplands;  commonly  associated  with  Red  and  White 
Oaks,  Hickory,  Ash,  Beech  and  Tulip-tree 

Habit:  Straight,  slightly  buttressed  trunk,  pyramidal 
crown,  and  spreading  root  system;  scattered  trees, 
rarely  forming  stands 

Flowering:  May -June 

Fruiting:  July-September 

General  Distribution:  New  York  and  southern  Ontario 
south  in  the  highlands  to  Alabama  (Louisiana)  and 
west  to  Oklahoma 


Description:  Flowers  bisexual;  stigmatic  surfaces  punctate  on  the  early-deciduous,  recurved  styles,  1  per  carpel; 
ovaries  numerous,  free,  spirally  arranged,  each  of  a  single  conduplicate  carpel  about  2.5  cm  long;  each  carpel  be¬ 
coming  an  unbeaked,  rounded-obtuse  follicle,  dehiscent  along  a  longitudinal  suture,  pinkish,  becoming  red-brown 
at  maturity;  fruit  aggregate  oblong  to  cylindric  (or  assymetrieal  due  to  abortion),  up  to  8  cm  long;  seeds  0-2  per 
follicle,  0.9-1. 1  cm  long,  glossy,  red-orange  at  maturity;  stamens  numerous,  spirally  arranged  on  the  floral  axis, 
about  1  cm  long;  filaments  distinct;  tepals  oblanceolate  to  obspatulate,  2  cm  (outer)  to  12  cm  (inner  in  length,  the 
outer  3  sepaloid,  reflexed,  the  inner  6  petaloid,  forming  a  slenderly  campanulate  flower;  flower  5-10  cm  long, 
glaucous  green,  tinged  with  yellow  and  occasionally  purple  (sometimes  bright  yellow  further  south),  appearing  with 
the  leaves,  borne  on  stout,  peduncles  which  are  copiously  villous  and  1.5-3. 2  cm  long;  leaves  alternate,  deciduous, 
thin,  often  membranous,  8-25  (40)  cm  long,  4-10  (20)  cm  broad,  elliptic  to  oblong  with  acuminate  (rarely  obtuse)  j 
tips  and  truncate  to  cuneate  bases,  upper  surfaces  dark  green,  glabrous  to  puberulent,  lower  surfaces  pale,  glabrous 
to  finely  pubescent,  slightly  glaucous  or  sericeous  near  the  veins;  fall  coloring  yellow;  petioles  about  3  cm  (1. 5-5.0) 
long,  silvery-sericeous  to  almost  glabrous,  with  basal  stipular  scars;  leaf  scars  horseshoe-shaped;  twigs  reddish- 
brown  to  tan,  glabrous  except  at  nodes,  lentieellate;  pith  not  conspicuously  diaphragmed;  winter  buds  silky- 
sericeous,  silvery,  oblong,  the  terminal  ones  cylindric  reaching  2  cm  in  length;  bark  of  the  trunk  and  older  limbs 
gray-brown  to  dark  brown,  fissured  into  narrow,  flaky  ridges;  branching  pattern  forming  a  broadly  to  narrowly 
pyramidal  crown;  trunks  up  to  1.5  (2)  m  (d.b.h.),  35  (40)  m  in  height.  (2n  =  76). 

Infraspecific  Variability  and  Hybridization:  Most  of  the  variability  of  this  species  occurs  in  the  southern  part  of  its 
range.  Plants  with  clear,  golden,  inner  tepals  are  designated  forma  aurea  (Ashe)  Hardin.  Plants  called  var.  subcor- 
data  (Spaeh)  Dandy  may  also  have  yellow  flowers,  but  these  are  distinguished  by  more  pubescent  twigs  and  leaf 
undersurfaces  (see  Hardin,  1954).  Hybrids  with  M.  quinquepeta  (Buc’hoz)  Dandy  have  been  given  the  binominal 
M.  brooklynensis  Kalmbaeher. 

Importance:  This  species  is  the  hardiest  of  our  native  Magnolias.  It  is  commonly  cultivated  and  used  as  rootstock 
for  less  hardy  species.  Grafting  allows  these  to  be  grown  far  north  of  their  natural  ranges.  The  wood  (often  mixed 
with  that  of  Tulip-tree)  is  used  in  furniture  manufacture  and  in  making  fixtures,  blinds,  crates  and  boxes,  doors  and 
pulpwood. 

Introduced  Species:  Magnolia  tripetala  L.,  Umbrella-tree,  is  native  further  south,  and  has  been  introduced  north¬ 
ward,  where  it  is  hardy  to  Massachusetts.  We  have  one  specimen  from  Southold,  Long  Island  for  which  there  are 
insufficient  data  to  determine  its  origin.  M.  fraseri  Walt,  is  reported  as  an  adventive  in  a  Sullivan  County  nursery, 
where  it  was  introduced  with  a  shipment  of  Rhododendron  from  North  Carolina. 


2.  LIRIODENDRON 

Common  Names:  Tulip-tree,  Yellow  Poplar,  Tulip  Poplar 
Authority:  Linnaeus,  Species  Pi.  I,  p  535,  1753 

A  genus  of  two  closely  related  species  of  eastern  North  America  and  southern  Asia.  Fossil  records  indicate  wide¬ 
spread  past  distribution  of  the  genus  over  North  America  and  Eurasia.  Our  native  Liriodendron  is  a  tall,  distinctive 
tree,  valuable  for  its  timber  and  as  an  ornamental. 
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1.  Liriodendron  tidipifera  L. 

Common  Names:  Tulip-tree,  Yellow  Poplar,  Tulip 
Poplar,  White-wood 

Type  Description:  Linnaeus,  Species  Pi.  I,  p.  535, 
1753 

Synonyms:  Tidipifera  liriodendron  Mill,  (also  misspel¬ 
led  Liriodendrum)  L.  procerum  Salisb. 

Origin:  Circumboreal  Arctotertiary  Forest 

Habitats:  Moist,  but  well  drained,  loose-textured  soils 
of  medium  depth;  a  successful  secondary  invader  of 
forest  habitats,  lime  tolerant  and  more  moisture  tol¬ 
erant  southward;  found  in  a  broad  spectrum  of  forest 
types,  from  Oak-Hickory  to  coniferous  mixtures. 

Habit:  Tall,  straight  trunk,  terminating  above  the 
open,  oblong,  deciduous  crown;  root  system  deep, 
wide-spreading. 

Flowering:  May-June 

Fruiting:  July-October 

General  Distribution:  Vermont  to  northern  Florida, 
west  to  Michigan,  Missouri  and  Louisiana  (cultivated 
elsewhere) 


Description:  Flowers  bisexual;  stigmas  1  per  carpel,  often  reflexed  at  the  style  tip;  styles  1  per  carpel,  flattened, 
tapering;  ovaries  numerous,  imbricated,  spiraling  on  the  central  floral  axis;  each  ovary  of  a  single  conduplicate 
carpel,  greenish-yellow,  squamelliform,  becoming  an  elongate  samara  in  fruit;  samara  4-5  cm  long,  4-5  mm  wide, 
acute  tipped;  seeds  1-2  per  indehiscent  fruit;  fruit  aggregate  deciduous  as  a  unit,  fusiform,  5-7.5  cm  long,  pale 
tan  to  brownish,  the  lowermost  fruits  often  persistent  on  the  axis;  stamens  numerous,  spiraling  on  the  axis,  up  to  4 
cm  long,  the  filaments  distinct,  shorter  than  the  anther  sacs  and  stout;  perianth  differentiated  into  calyx  and 
corolla;  sepals  3,  greenish,  reflexed,  about  6  cm  long,  cucullate,  blunt-tipped;  petals  6,  in  two  whorls,  strongly 
upcurved,  often  reflexed  in  the  terminal  cm,  4-6  cm  long,  1.5-3. 1  cm  broad,  pale  green  to  bright  yellow,  each 
petal  banded  with  a  distinctive  orange  mark  near  the  base;  flowers  borne  singly,  broadly  campanulate,  6-10  cm 
wide,  on  short  shoots;  peduncles  stout,  greenish;  leaves  alternate,  deciduous,  usually  saddle-shaped,  with  two 
acute  to  acuminate  tipped  upper  lobes  and  two  lower  lobes  with  one  or  two  such  tips;  lobing  variable,  especially  in 
juvenile  leaves  which  may  be  deeply  cleft  or  barely  lobed  at  all;  leaf  bases  truncate,  tips  truncate  to  emarginate, 


5 


blades  bright  green  above  to  glaucescent  below,  10-15  cm  in  diameter;  fall  coloring  lemon-yellow;  petioles  slen¬ 
der,  5-15  cm  long;  stipules  elongate  (up  to  3.5  cm),  deciduous,  encircling  the  twig  and  leaving  distinct  scars;  twigs 
stout,  glabrous,  lenticelled,  red-brown  to  gray  with  exfoliation;  pith  strongly  diaphragmed;  terminal  buds  up  to  1.5 
cm  long,  with  a  “duck-billed”  appearance;  outer  2  bud  scales  enclosing  the  bud  entirely,  valvate;  leaf  scars  circular 
to  oval;  bark  of  young  trunk  and  older  limbs  with  characteristic,  whitish  split-depressions  in  the  grayish  surfaces; 
older  bark  gray-brown,  deeply  furrowed;  trunks  straight,  becoming  massive  with  age,  terminating  above  the  ob¬ 
long  crown,  up  to  4.5  m  (d.b.h.),  to  55  m  (record  198  ft)  in  height.  (2n  =  38). 

Infraspecific  Variation:  Other  than  natural  hetrophvlly  exhibited  in  native  populations,  most  variation  in  this 
species  has  been  exhibited  only  in  cultivation.  This  involves  leaf  variegation,  flower  color  variants,  leaf  and  crown 
shape. 

Importance:  This  is  one  of  the  most  beautiful  cultivated  trees  native  to  North  America.  Its  unusually  graceful  habit, 
showy  flowers  and  fall  coloring  far  outweigh  the  “dirty  aspect  of  shedding  fruit  aggregates.  Although  it  is  not  an 
outstanding  shade  producer,  the  tree  is  fast-growing  and  mixes  well  with  other  species  for  landscaping  effects.  The 
wood  is  pale  (called  Whitewood  and  Poplar  in  the  trade)  and  is  an  important  commodity  with  many  uses.  It  is 
well  suited  for  rotary-cut  veneering,  used  in  furniture,  plywood  production,  piano  cases  and  produce  boxes;  it  is 
also  a  source  of  pulp  (soda  process).  The  wood  is  used  structurally  for  furniture  manufacture,  for  doors,  blinds, 
crates,  caskets,  musical  instruments,  wooden  utensils  and  toys. 


Annonaceae  (Custard-apple  Family) 

A  large  pantropical  family  of  woody  plants  with  over  800  described  species  and  60-80  genera.  Annona  (including 
Uvaria )  is  the  largest  genus  with  nearly  200  species.  One  Custard  Apple,  ( Annona  glabra  L.)  is  native  to  southern 
Florida,  and  others  are  cultivated  for  their  fruit  and  as  ornamentals.  Asimina  (Pawpaw)  has  two  native  species,  one 
of  which  reaches  western  New  York  State.  The  Pawpaw  fruit  is  both  picked  for  food  and  planted  as  a  novelty  in  the 
eastern  United  States. 


FAMILY  DESCRIPTION 

Trees  or  shrubs.  The  alternate  leaves  are  persistent  or  deciduous,  without  stipules  and  with  naked  buds  in  the 
axils;  flowers  are  usually  bisexual,  and  are  radially  symmetrical,  differentiated  into  calyx  and  corolla  and  valvate  in 
bud.  Sepals  are  3;  petals  6,  in  2  whorls.  The  central  floral  axis  is  elongate  with  numerous  adnate,  extrorse  stamens 
spiraling  on  it.  Anther  sacs  are  4-celled,  longer  than  the  filaments.  Ovaries  are  superior,  terminating  the  axis, 
1-many,  usually  1-carpelled,  1-loculed,  becoming  berries,  cohering  to  form  a  fleshy  aggregate  fruit  (or  solitary). 
Ovules  are  1  to  many  per  ovary,  anatropous,  maturing  to  seeds  which  have  a  minute  embryo  and  copious  ruminate 
(mottled)  endosperm. 


1.  ASIMINA 

Common  Name:  North  American  Pawpaw 
Authority:  Adams,  Fam.  Pi.  II,  p.  365,  1763 

A  genus  of  some  8-10  species  of  subtropical  and  boreal  eastern  North  America,  with  one  species  extending  north¬ 
ward  onto  the  Erie-Ontario  Lowlands  in  western  New  York. 
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1.  Asimina  triloba  (L.)  Dunal 
Common  Name:  Pawpaw 

Type  Description:  Dunal,  Mon.  Anon.,  p.  83,  1817 
Synonyms:  Annona  triloba  L.,  Orchidocarpum 
arietinum  Michx.,  Porcelia  triloba  Pers.,  Uvaria 
triloba  Torr.  &  Gray 
Origin:  Eastern  North  America 
Habitats:  Rich  alluvial  soils,  woodlands,  openings 
Habit:  Shrub  or  small  tree 
Flowering:  April- May 
Fruiting:  August-September 

General  Distribution:  Western  New  York  and  south¬ 
ern  Ontario  to  eastern  Nebraska,  south  to  eastern 
Texas  and  central  Georgia,  with  outliers  in  north 
Florida  and  southern  Louisiana 


Description:  Flowers  bisexual;  stigma  and  style  1  per  carpel;  ovaries  3-15,  fusiform,  on  the  elongate  floral  axis, 
only  1-3  (4)  developing  into  fruit;  fruit  6-15  cm  long,  3-4.5  cm  thick,  yellowish  to  purple-brown,  fleshy,  edible; 
ovules  parietal,  becoming  (4)  6-10  disc-shaped  seeds,  1-2  cm  in  diameter;  endosperm  mottled  and  chambered; 
embryo  small;  stamens  numerous,  on  the  column,  in  a  globose,  adhering  mass,  6-11  mm  in  diameter;  anther  sacs 
adnate  until  anthesis,  extrorse;  filaments  very  short;  perianth  differentiated  into  three  whorls;  inner  petals  valvate 
in  bud,  velutinous,  narrowly  oblong  to  strap-shaped,  1.5-2. 3  cm  long,  5-10  mm  wide,  dark  reddish-purple;  outer 
petals  3,  imbricate  in  bud,  velutinous,  as  broad  or  broader  than  long,  1.5-2. 1  cm,  lurid  purple,  occasionally 
blushed  with  yellow-green;  calyx  of  3  sepals,  deciduous,  red-brown  adaxially  woolly,  ca.  1  cm  long;  peduncles  6-8 
mm  long,  arising  from  wood  of  the  previous  year’s  growth,  covered  with  reddish-brown  wool;  flowers  solitary, 
cauliflorous,  alternate  on  the  stem;  leaves  alternate,  simple,  entire,  deciduous,  densely  woolly  when  very  young; 
leaf  blades  10-32  cm  long,  6-13  cm  wide,  appearing  with  the  flowers  and  almost  fully  expanded  by  anthesis, 
glabrous  to  velutinous,  especially  below,  paler  beneath,  obtuse  to  cuneate  at  bases,  obtuse  (rounded),  acute  apicu- 
late  to  strongly  cuspidate  at  tips  (caudate);  midrib  grooved  above,  woolly  within  the  groove;  petiole  with  a  strong, 
woolly  groove  adaxially,  0. 5-3.0  cm  long;  stipules  absent;  buds  small,  reddish-woolly;  twigs  densely  woolly,  red- 
brown  to  gray-brown,  less  pubescent  with  age,  sometimes  fluted  and  ridged;  older  bark  grayish,  mottled,  smooth 
to  warty  and  flaking;  trunks  5-30  cm  (d.b.h.),  usually  shrubby;  trees  with  closed,  oval  crowns  occasionally  to  11  m 
in  height,  from  spreading  root  systems. 

Importance:  This  species  is  planted  for  its  fleshy,  edible  fruits.  The  pulp  is  whitish  to  yellow  and  has  a  sweet, 
fruity  taste  at  maturity.  The  bark  of  young  twigs  is  sometimes  used  by  fishermen  as  a  stringer  for  their  catch. 
Seminole  Indians  reportedly  make  a  tea  from  the  flowers  to  help  kidney  discomfort. 
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Calycanthaceae  (Calycanthus  Family) 

This  group  of  evergreen  or  deciduous  shrubs  has  two  genera  and  about  6-7  species,  all  found  in  warm-temperate 
regions.  Chimonanthus  is  native  to  Asia  while  Calycanthus  is  represented  in  California  and  in  the  southeastern 
United  States.  Members  of  the  family  in  New  York  State  are  found  as  escapes  from  cultivation  only,  being  native 
further  south.  Their  economic  importance  is  limited  to  minor  use  as  ornamental  shrubs.  This  primitive  family  has  a 
curious  mixture  of  characters  which  places  it  in  the  order  Magnoliales,  but  shows  clear  affinities  for  the  Rosales  as 
well. 


FAMILY  DESCRIPTION 

Plants  are  shrubby,  with  evergreen  or  deciduous,  opposite,  simple  leaves.  Petioles  are  short  and  lack  stipules.  The 
fragrant  flowers  are  borne  (solitary)  in  the  leaf  axils;  they  are  bisexual,  the  perianth  undifferentiated,  or  grading  into 
sepal-like  bracts  below.  Tepals  are  free,  showy,  spiraling  on  a  cup-like  perigynous  receptacle.  Stamens  are  5-30  or 
more,  inserted  on  the  inner  surface  of  the  receptacular  cup;  anthers  are  adnate,  extrorse,  2-celled;  filaments  are 
distinct  but  short,  the  inner  ones  sometimes  devoid  of  fertile  anther  sacs.  Ovaries  are  1-loculed,  each  of  a  single 
carpel,  numbering  8-22,  “superior”  to  the  receptacular  cup,  which  surrounds  and  virtually  encloses  them.  Styles 
are  filiform,  with  a  single  minute  stigma  each.  Placentation  is  parietal;  ovules  are  1  or  2  (with  one  aborting).  The 
fruit  is  an  achene,  enclosed  with  others  in  the  fleshy,  mature  receptacle.  The  embryo  is  large  with  convolute 
cotyledons,  and  endosperm  is  lacking. 


1.  CALYCANTHUS 

Common  Names:  Sweet-shrub,  Carolina  Allspice,  Strawberry-shrub,  Bubby-shrub 
Authority:  Linnaeus,  Syst.  Nat.,  p.  1066,  1759 

A  genus  of  aromatic  shrubs  native  to  eastern  and  western  North  America.  Calycanthus  occidentals  Hook  &  Arn.  is 
the  native  California  “Spice-bush,”  while  up  to  three  species  have  been  recognized  as  native  from  the  Appalachian 
Plateau  southward.  The  following  species  is  cultivated  and  escapes  New  York  State. 
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2  cm 


1.  Calycanthus  floridm  L. 

Common  Names:  Sweet-shrub,  Strawberry-bush, 
Bubby-bush 

Type  Description:  Linnaeus,  Syst.  Nat.,  p.  1066,  1759 
Synonyms:  Calycanthus  fertilis  Walt.,  C.  laevigatus 
Willd.,  C.  oblongifolius  Nutt.,  C.  nanus  (Loisel.) 
Small,  C.  g laucus  Willd.,  C.  mohrii  Small,  Butneria 
florida  (L.)  Kearney,  B.  fertilis  (Walt.)  Kearney 
Origin:  Eastern  North  America 
Habitats:  Rich  woodlands,  floodplains  and  uplands 
Habit:  Round-crowned,  somewhat  stiffly  branched 
shrub 

Flowering:  April — July 
Fruiting:  July — September 

General  Distribution:  Pennsylvania  south  to  peninsu¬ 
lar  Florida,  west  to  Mississippi,  cultivated  elsewhere 
(escaping  in  New  York) 


Description:  Flowers  bisexual;  stigma  1,  style  1,  ca  2  mm  long,  transparent,  filiform,  with  a  ring  of  acicular  hairs  at 
the  base;  ovaries  10-15  (20),  free,  each  of  a  single  carpel  ca.  1  mm  long;  carpels  inserted  on  the  inner  surface  of  a 
cup-like  receptacle  which  is  lined  with  transparent,  acicular  hairs;  each  carpel  with  1  (2)  ovules,  becoming  a 
single-seeded  achene  in  fruit,  enclosed  with  the  others  in  the  accrescent,  fruit-like  receptacle;  stamens  numerous, 
spiraling  on  the  rim  of  the  floral  cup,  just  inside  the  perianth,  forming  a  crown-like  cluster  above  the  ovaries; 
anther  sacs  extrorse;  filaments  stout,  arching  over  the  gynoecium,  the  connective  extending  beyond  the  anther 
sacs;  staminodes  present  in  the  inner  ring  of  stamens;  perianth  parts  free  and  numerous,  spiraling  on  the  rim  of 
the  receptacular  cup;  when  young  they  are  greenish,  pubescent,  leaf-like,  enlarging  as  the  flower  matures  to  be¬ 
come  glabrous,  strap-shaped  to  lanceolate  tepals,  1-2.5  cm  long,  5-10  mm  wide,  rose-carmen  to  maroon  and 
brownish  with  age,  the  outer  few  smaller,  greenish;  flower  sometimes  subtended  by  one  or  two  bracts  (transitional 
to  tepals);  flowers  with  a  fragrance  like  strawberries  (typical  variety)  or  nearly  odorless;  peduncles  4-10  mm  long, 
puberulent;  flowers  borne  singly  between  leaves  on  short,  lateral  shoots;  leaves  opposite,  simple,  entire,  aromatic; 
leaf  blades  glossy  green,  scabrous  to  glabrescent  above,  pilose  or  sericeous  below,  to  glabrous,  ovate  with  obtuse  to 
acuminate  tips,  2-10  cm  long,  1-7  cm  broad;  petioles  1-2  cm  long,  pubescent  at  least  when  young;  stipules  ab¬ 
sent;  twigs  reddish-brown  with  pale,  oval  lenticels;  leaf  scars  V-shaped;  buds  very  small,  pubescent;  bark  of  older 
trunks  dark,  red-brown  to  blackish,  stripping;  stems  erect  to  spreading,  stiffly  opposite-branched  with  a  rounded 
crown,  up  to  3  m  high,  from  a  shallow  root  system. 
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Importance:  This  species  is  widely  cultivated  in  the  eastern  United  States,  showing  tolerance  for  more  severe  cli¬ 
mates  than  its  natural  range  would  suggest;  shade  tolerant.  The  bark  of  the  typical  variety  has  been  used  as  a  spice, 
however,  var.  laevigatus  has  been  reported  to  contain  substances  which  cause  regurgitation  in  humans  and  poison 
animals.  Indians  used  a  mild  extract  as  a  deterrent  to  the  return  of  disease  symptoms  such  as  fevers.  Fruit  and 
leaves  of  the  fragrant  variety  have  been  used  as  a  perfume. 

KEY  TO  VARIETIES 

1.  Leaves  covered  with  soft  hairs  on  the  undersurfaces;  flowers  strongly  fragrant . 1.  C.  floridus  var.  floriclus 

1.  Leaves  with  glabrous,  sparsely  strigulose  or  glaucous  undersurfaces;  flowers  without  a  strong  odor . 

. 2.  C.  floridus  var.  laevigatus  (Willd.)  T.  &  G. 

Note:  The  name  laevigatus  is  apparently  preceded  by  a  Nuttall  epithet  which  would  replace  it,  but  we  have  not 
seen  the  type  or  a  formal  recombination,  and  feel  it  would  be  inappropriate  here. 


Lauraceae  (Laurel  Family) 

This  is  a  large,  mostly  tropical,  family  of  trees  and  shrubs,  with  35-40  genera.  At  least  ten  of  these  have  species 
which  are  native  or  escaping  in  the  United  States.  New  York  has  Lindera,  Spice-bush,  and  Sassafras  as  natives, 
and  Persea,  Red  Bay,  as  an  introduction.  On  the  west  coast  Umbellularia,  California  Laurel,  is  native,  and  four 
tropical  genera  are  indigenous  to  southern  Florida.  Laurus  nobilis  L.,  Grecian  Laurel,  and  Persea  americana  Mill., 
Avocado,  as  well  as  Cinnamomum  camphora  (L.)  Nees  &  Eberm.,  the  Camphor-tree,  are  widely  escaped  from 
cultivation  in  subtropical  and  mediterranean  climates.  Many  Lauraceous  trees  are  known  for  their  aromatic  bark 
and  foliage  (e.g.,  commercial  cinnamon).  They  are  commonly  used  in  spices,  teas  and  folk  remedies.  The  bark  of 
Sassafras  is  used  to  make  a  tea  and  as  a  flavoring  in  gumbo. 

FAMILY  DESCRIPTION 

Woody  trees  or  shrubs  with  deciduous  or  evergreen  leaves.  Leaves,  bark  and  wood  usually  contain  aromatic  oils. 
Stipules  are  absent.  Leaves  are  usually  alternate,  simple,  sometimes  lobed,  with  pinnate  venation  or  three  main, 
arching  veins  from  near  the  leaf  base.  Flowers  are  bisexual  or  more  commonly  unisexual  on  dioecious  or  polygam¬ 
ous  plants;  flowers  are  in  clusters,  spikes  racemes  or  umbels,  which  are  usually  axillary.  The  perianth  is  undiffer¬ 
entiated,  with  (4)  6  tepals  in  2  similar  whorls,  usually  small,  greenish  to  yellow  (or  white),  fused  into  a  short  tubu¬ 
lar  base.  Stamens  are  12,  in  4  whorls,  often  reduced  to  staminodia  in  inner  whorls.  Outer  stamens  associated  with 
stalked  glands  in  many  species.  Anthers  are  2-  or  4-celled,  dehiscing  by  flaps.  The  ovary  is  solitary,  superior  or 
fused  slightly  to  the  perianth  tube,  and  of  a  single  carpel,  which  becomes  a  single-seeded  drupe  or  berry.  The  fruit 
base  is  often  ringed  by  the  enlarged  remains  of  the  perianth  tube.  The  single  ovule  is  anatropous,  becoming  a  seed 
which  lacks  endosperm. 


KEY  TO  GENERA 

1.  Plants  evergreen;  flower  clusters  appearing  in  the  leaf  axils  of  young  growth . 3.  Persea  (p.  13) 

1.  Plants  deciduous;  flower  clusters  appearing  before  or  with  the  leaves . (2) 

2.  Flowers  in  small,  subsessile  clusters,  less  than  1  cm  in  diameter;  leaves  not  lobed;  fruit  red . 

. 1.  Lindera  (p.  10) 

2.  Flowers  in  racemes  3-5  cm  long;  leaves  often  mitten-shaped  or  bilobed;  fruit  dark  purple . . . 

. 2.  Sassafras  (p.  12) 


1.  LINDERA 

Common  Names:  Spice-bush,  Wild  Allspice,  Feverbush 
Authority:  Thunberg,  Nov.  Gen.  Pi.,  p.  64,  1783  (nom.  cons.) 

A  large  genus  of  shrubs  and  trees  with  over  100  temperate  and  subtropical  species.  Although  the  group  is  primarily 
Asiatic,  there  is  one  widespread,  eastern  North  American  species  which  reaches  New  York  State.  Another  native 
species  is  extremely  rare  with  a  more  southerly  range. 
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1.  Linder  a  benzoin  (L.)  Blume 

Common  Names:  Spice-bush,  Benjamin-bush,  Fever- 
bush 

Type  Description:  Blume,  Mus.  Bot.  Lugd. — Bat.  I, 
p.  324,  1851 

Synonyms:  Laurus  benzoin  L.,  Benzoin  aestivale  Nees, 
Benzoin  benzoin  (L.)  Coult. 

Origin:  Ancient  Arctotertiary  Forest  of  North  America 

Habitats:  Moist  woodlands  in  rich  soils  and  litter 

Habit:  An  erect  to  sprawling  understory  shrub  or  small 
tree 

Flowering:  March-May 

Fruiting:  June-July 

General  Distribution:  Maine  to  Florida,  west  to  Kan¬ 
sas  and  Texas 


Description:  Plants  polygamodioecious  or  dioecious;  stigma  1,  on  a  short  style;  ovary  1,  globose,  becoming  an 
elliptic-oblong  drupe;  fruit  scarlet  (rarely  yellow),  8-10  mm  long,  5-7  mm  wide;  seeds  without  endosperm;  sta¬ 
mens  (male  flowers)  9,  in  3  whorls,  the  inner  filaments  glandular  at  the  bases  and  1-2  lobed,  variously  reduced  to 
staminodia  in  carpellate  flowers,  anther  sacs  2-locular,  2-valved;  perianth  undifferentiated,  with  6  separate  tepals 
in  2  whorls,  yellow  to  greenish  or  brown-tinged  without,  1-2  mm  long;  peduncles  obscure  in  flower,  attaching  the 
subsessile  perianths,  becoming  stout,  2-6  mm  long  in  fruit;  inflorescences  of  dense,  umbellate  clusters  of  4-6 
flowers,  each  subtended  by  4  red-brown  deciduous  bracts;  staminate  clusters  5-6  mm  in  diameter,  occurring  alter¬ 
nately  near  the  tips  of  new  growth;  pistillate  clusters  solitary  or  often  paired  just  above  the  former  year’s  leaf  scars; 
leaves  alternate,  ovate-oblong  to  obovate,  6-18  cm  long,  2-7  cm  wide,  glabrous,  rich  green  above,  paler  beneath, 
margins  entire,  bases  acute  to  cuneate,  tips  (obtuse)  acute  to  abruptly  acuminate;  fall  coloring  pale  yellow;  petioles 
3-11  mm  long,  glabrous;  stipules  absent;  twigs  brownish-gray  to  black,  smooth  with  a  few  ovate,  pale  lenticels;  leaf 
scars  broadly  deltoid;  vegetative  buds  minute,  0.5-0. 8  mm,  smooth,  brown;  flower  buds  subglobose,  1-2  mm 
long;  branching  profuse  near  branch  tips;  bark  brownish,  aromatic;  a  broad-crowned  shrub,  up  to  4.5  m  tall,  from  a 
shallow,  spreading  root  system.  (2n  =  24). 

Infraspecific  Variation:  Plants  in  the  southeastern  United  States  with  pubescent  twigs  and  underleaves  have  been 
given  varietal  status,  but  intergrade  with  nonpubescent  populations.  Forma  xanthocarpa  (G.  S.  Torrey)  Rehder, 
with  yellow  fruits,  is  a  mutant  native  to  Massachusetts. 

Importance:  The  aromatic  bark  has  been  used  in  medicinal  teas  like  Sassafras,  and  the  bitter  component  is  said  to 
reduce  fevers  and  sinus  congestion.  It  is  listed  as  a  stimulant,  diaphoretic  and  vermifuge.  During  revolutionary 
times,  berries  were  powdered  and  substituted  for  allspice  in  cooking.  The  plants  are  occasionally  cultivated  in 
shady  yards,  including  the  yellow-fruited  form. 
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2.  SASSAFRAS 


Common  Names:  White  or  Red  Sassafras 

Authority:  Nees  &  Ebermaier,  Handb.  Med.  Pharm.  Bot.  II,  p.  418,  1831 


A  genus  of  three  species,  two  Asian  and  one  in  eastern  North  America.  The  asiatic  species  are  not  known  in  culti¬ 
vation,  but  the  American  species  is  grown  within  and  outside  its  natural  range.  It  is  valued  for  its  aromatic  bark 
and  roots,  but  becomes  weedy  in  the  southeast. 


1.  Sassafras  albidum  (Nutt.)  Nees 

Common  Names:  Sassafras,  White-sassafras 
Type  Description:  C.  G.  Nees,  Syst.  Laurin.,  p.  490, 
1836 

Synonyms:  Lauras  sassafras  L.,  Sassafras  officinale 
Nees  &  Eberm.,  S.  variifolium  (Salisb.)  Kuntze 
Origin:  Ancient  Arctotertiarv  Forest 
Habitats:  Mesic  to  dry,  open  woodlands,  thickets,  bor¬ 
ders,  openings  and  fencerows 
Habit:  An  open-crowned,  usually  slender  tree  or 
shrub,  propagating  by  root  sprouts 
Flowering:  April-June 
Fruiting:  June- August 

General  Distribution:  Southwest  Maine  to  eastern 
Iowa,  south  to  eastern  Texas  and  central  Florida 


Description:  Plants  dioecious;  female  flowers:  stigma  1,  slightly  expanded  from  the  single,  slender  style;  ovary  1, 
becoming  an  ovoid,  blue  to  purple-black  drupe,  0.8-1. 2  cm  in  diameter;  a  single,  pendulous,  anatropous  ovule 
becomes  the  stony  pit  or  seed;  rudimentary  staminodia  6-12  in  whorls  of  3;  male  flowers:  ovary  tissue  rudimen¬ 
tary,  sterile;  stamens  9,  in  3  whorls;  both  anther  sacs  2-loculed,  2-pored;  filaments  inserted  at  the  perianth  base, 
the  inner  3  with  pairs  of  stalked  glands;  perianth  (both  sexes)  undifferentiated,  with  6  lobes,  free  to  near  their 
bases,  greenish-yellow,  5-8  mm  long;  pedicels  5-25  mm  long,  silky  pubescent  to  glabrous,  becoming  stout  and 
reddish  in  fruit,  swollen  just  below  the  fruit  base;  each  pedicel  usually  subtended  by  a  linear,  pubescent  bract  in 
flower;  inflorescence  a  compound  raceme  (often  corymbose)  of  2-several  axes,  each  3-7  cm  long,  the  cluster  sub¬ 
tended  by  a  leathery  involucre  of  bracts  and  bud  scales;  basal  bracts  oval  to  strap-shaped  with  rounded  tips,  rose- 
tinged,  glabrous  to  finely  sericeous;  plants  heterophyllous;  leaves  alternate,  deciduous,  aromatic;  leaf  blades  oval  to 
elliptic,  unlobed,  mitten-shaped  or  2-lobed  (rarely  more),  7-15  (20)  cm  long,  5-15  cm  broad,  shallowly  to  abruptly 
cuneate  at  the  bases,  the  lobes  and  tips  acute  to  obtuse,  bright  green  above,  glaucous,  paler  beneath,  essentially 
glabrous  to  puberulent  (silky);  fall  color  yellow  to  orange-rose  blushed  or  spotted;  petioles  1-5  cm  long,  often  pu- 


12 


berulent;  stipules  absent;  twigs  red-brown,  the  younger  ones  fluted,  becoming  shiny,  mucilaginous;  lenticels 
punctate,  dark;  leaf  scars  kidney-shaped  with  a  linear  bundle  scar;  buds  minute,  with  imbricated  scales,  shiny- 
glabrous;  bark  of  the  trunk  deeply  furrowed  with  age,  brown  to  grayish,  aromatic;  trunks  usually  small  but  up  to  1 
m  (d.b.h.),  1-20  (40)  m  tall,  from  a  prolific  rootstock  capable  of  root-bud  propagation.  (2n  =  48). 

Infraspecific  Variability:  Pubescence  of  leaves  and  twigs  is  variable,  the  more  silky  plants  having  been  designated 
var.  molle  Fern.  Twig  color  also  may  vary  from  greenish  to  red-brown  or  bright  red-purple  in  forma  moldenhii 
Oswald. 

Importance:  Sassafras  extract  has  been  reported  as  a  potential  carcinogen  in  experimental  rats  (Kapadia,  et  al., 
1978).  The  oily,  aromatic  foliage,  bark  and  roots  have  been  variously  used  to  make  teas  and  tonics.  The  extract  is 
one  of  the  ingredients  in  root  beer.  The  oil  is  used  in  aromatic  soaps.  Sassafras  teas  are  popular,  especially  in  rural 
areas.  File  gumbo  is  a  delightful  southern  dish  prepared  from  young  shoots  pith  and  bark  of  the  Sassafras  in  com¬ 
bination  with  rice  and  chicken  or  shrimp.  The  wood  is  of  minor  importance,  sometimes  mixed  with  Black  Ash 
( Fraxinus  nigra  Marsh.)  or  sold  under  its  name.  Used  locally,  it  is  employed  in  small-boat  construction,  children’s 
furniture  and  troughs  and  pales  for  rails  and  fenceposts.  The  plant  is  an  invader  of  old  fields  and  abandoned  lots 
where  land  once  was  cultivated,  or  it  is  commonly  spread  by  birds,  appearing  first  along  fencerows  and  under 
telephone  lines.  The  plants  are  cultivated,  but  are  more  often  pests  in  the  southeastern  United  States,  where  root 
suckering  is  common  and  dense,  shrubby  stands  abound. 

3.  PERSEA 


Common  Names:  Red  Bay,  Sweet-bay 


Authority:  Miller,  Gard.  Diet.  Abr.  ed.  4,  1754  (nom.  cons.) 


A  genus  of  over  100  tropical  and  subtropical  shrubs  and  small  trees,  naturally  ranging  south  to  Chile  and  northward 
to  the  eastern  seaboard  of  the  United  States.  Red  Bay  (P.  borbonia)  has  been  reported  to  escape  cultivation  in 
New  York  State.  Avocado  (P.  americana)  can  produce  summer  shoots  from  seed,  but  these  do  not  persist. 


1.  Persea  borbonia  (L.)  Spreng. 

Common  Name:  Red  Bay 

Type  Description:  Sprengel,  Syst.  II,  p.  268,  1825 
Synonyms:  P.  littoralis  Small  (also  combinations  under 
Borbonia  Mill,  and  Tamala  Raf.) 

Origin:  Eastern  North  America 

Habitats:  Wooded  swamps  and  marsh  borders  of  the 
southeast,  rarely  escaping  northward 
Habit:  Evergreen  shrub  or  small  tree 
Flowering:  June -July 
Fruiting:  July-September 

General  Distribution:  Delaware  south  to  Florida  and 
the  Bahamas,  west  to  Texas  in  the  coastal  zone  and 
piedmont  (escaping  here) 
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Description:  Flowers  bisexual;  stigma  1,  style  1,  ovary  single,  ovoid,  becoming  a  subglobose,  fleshy,  purple-blue  to 
black  drupe,  8-12  mm  in  diameter;  ovule  1,  becoming  a  single,  stony  pit  in  seed;  stamens  12,  the  innermost  of  4 
whorls  reduced  to  sterile,  glandular  staminodia;  anther  sacs  4  per  stamen,  each  2-locular,  opening  by  valvate 
pores,  the  outer  whorl  extrorse,  the  inner  two  fertile  whorls  introrse;  filaments  with  basal  glands;  perianth  of  6 
separate  tepals  in  2  whorls,  2. 8-3. 5  mm  long,  greenish  to  white;  bell-shaped  calyx  pubescent  without,  flaring  as  it 
dries  and  becoming  persistent  in  fruit;  pedicels  slender,  0.2- 1.6  cm  long,  becoming  thicker  and  densely  reddish- 
pubescent  in  fruit;  inflorescences  borne  in  the  leaf  axils,  cymose  with  several  flowers  borne  from  the  common 
peduncle  which  is  1-6  cm  long  and  villous  to  wooly-sericeous;  leaves  evergreen,  alternate,  coriaceous,  leaf  blades 
bright  green  above,  paler  beneath,  finely  to  densely  pubescent  or  almost  glabrous  above,  4-10  (15)  cm  long,  1-6 
cm  wide,  elliptic  to  lanceolate  or  obovate,  with  obtuse  to  cuneate  bases  and  obtuse  to  acuminate  tips;  petioles  1-3 
cm  long,  villous  to  appressed-woolly;  stipules  absent;  twigs  usually  densely  woolly-sericeous  with  appressed  red- 
brown  hairs,  their  bark  brown  with  oval,  scale-like  lenticels;  leaf  scars  irregular;  buds  densely  pubescent;  bark  of 
older  limbs  and  trunks  deeply  furrowed,  dark  brown,  aromatic;  trunks  up  to  18  cm  (d.b.h.)  and  a  height  of  12  m, 
usually  shrubby,  from  a  shallow  rootstock.  (2n  =  24). 

Infraspecific  Variation:  The  plants  vary  mostly  in  density  of  hairs  on  the  twigs  and  leaves,  the  commoner  type 
being  forma  pubescens  Fern. 

Importance:  The  shrub  is  cultivated  north  and  west  of  its  range,  but  not  extensively.  The  aromatic  leaves  have 
been  used  as  a  substitute  for  bay  leaf  in  cooking.  The  wood  is  hard,  red-brown  and  brittle,  sometimes  used  in 
cabinetmaking  and  boat  trim. 


Saururaceae  (Lizard  s-tail  Family) 

A  distinctive  group  of  five  genera  of  primitive,  herbaceous  perennials,  native  to  Asia  and  North  America.  This 
family  is  distributed  in  the  remnants  of  the  onee-circumboreal  Arctotertiary  Forest,  where  it  probably  originated. 
Of  the  two  native  genera,  Anemopsis  is  restricted  to  west  coast,  while  Sanrurus  has  one  species  in  Asia  and  one  in 
eastern  North  America.  Members  of  this  family  are  found  in  a  variety  of  moist  habitats,  especially  Saururus,  which 
often  occurs  as  an  emergent  aquatic. 

FAMILY  DESCRIPTION 

Plants  are  perennial,  stoloniferous  and/or  rhizomatous,  with  alternate,  simple  leaves.  They  have  ethereal  oil  glands 
in  the  stems  and  leaves.  Stems  are  jointed,  with  ±  sheathing  petioles.  Flowers  are  bisexual;  stigmas  and  styles  are 
1  per  carpel;  carpels  are  conduplicate,  3-4  (5)  per  flower,  free  to  near  the  base  to  almost  totally  syncarpous.  Fruits 
are  dry  to  fleshy,  indehiscent.  Ovules  usually  2  per  carpel,  orthotropous.  Seeds  have  a  well-developed  perisperm, 
but  little  endosperm  surrounding  the  tiny  embryo.  Stamens  are  3  or  6  (8),  inserted  below  or  on  the  carpels.  A 
perianth  is  lacking,  but  the  racemes  or  spikes  may  have  petaloid  to  foliaceous  bracts.  Inflorescences  are  terminal  or 
opposite  the  leaves. 

1.  SAURURUS 

Common  Name:  Lizards-tail 

Authority:  Linnaeus,  Species  Pi.  I,  p.  341,  1753 

A  genus  of  two  species  aquatic  herbs  with  one  representative  in  the  eastern  United  States. 
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1.  Saururus  cernuus  L. 

Common  Names:  Lizard’s-tail,  Water-dragon,  Swamp- 
lily 

Type  Description:  Linnaeus,  Species  Pi.  I,  p.  341, 
1753 

Synonyms:  Spathium  Lour.,  Saururopsis  Turcz.,  Mat- 
tuschkia  Gmel.,  Neobiondia  Pamp. 

Origin:  Obscure,  possibly  Arctotertiary  lowlands 

Habitats:  Shallow  water  or  muck  of  swamps,  lake  mar¬ 
gins,  river  backwaters 

Habit:  E  rect  perennial,  rhizoinatous  herb,  often 
aquatic-emergent 

Flowering:  June-September 

Fruiting:  July-November 

General  Distribution:  Southern  New  England  to 
Michigan,  south  to  eastern  Kansas,  Texas  and 
Florida,  mostly  in  lowlands 


Description:  Flowers  bisexual;  stigma  1  per  carpel,  2-crested,  linear  with  an  open  groove  between  crests,  covering 
the  inner  surface  of  the  style  and  reflexed  with  it  at  the  tip;  style  1  per  carpel,  fleshy,  reflexed  outward;  each  ovary 
a  conduplicate  carpel;  carpels  usually  4  per  flower  (3-5),  spirally  arranged,  fused  only  at  their  bases,  becoming 
convoluted,  warty  and  brownish  in  fruit;  fruit  2-3  mm  long,  each  an  indehiscent  nutlet;  ovules  2,  crassinucleate, 
orthotropous,  with  two  integuments,  one  ovule  transverse,  not  developing,  one  ascending,  becoming  a  solitary 
seed;  seed  with  a  filmy  outer  coat  and  brownish  inner  one,  developing  a  massive  perisperm  beneath  a  small  en¬ 
dosperm  and  embryo  at  the  micropylar  end;  stamens  usually  6  (4-8),  3  abaxial  and  3  adaxial  to  the  carpel  cluster 
on  the  foliar  bract;  filaments  3-4  mm  long,  capillary,  giving  the  flower  its  whitish  color,  much  exceeding  the 
ovaries;  anther  sacs  elliptic,  basifixed,  yellowish,  opening  by  longitudinal  slits;  perianth  absent,  the  floral  parts 
being  inserted  on  a  laterally  divergent  bract;  floral  bract  pubescent,  cucullate,  about  2  mm  long;  inflorescences  of 
terminal  or  lateral,  racemose  spikes,  8-35  cm  long,  with  150-350  fragrant  flowers  spiraling  on  each  axis;  spikes 
drooping  at  the  tips  in  flower,  becoming  erect  in  fruit;  peduncles  glabrous,  2-5  cm  long;  leaves  alternate,  simple 
and  aromatic,  blades  cordate  with  obtuse  to  acute  tips  and  entire  margins,  ±  palmately  veined,  5-15  cm  long,  3-8 
cm  broad,  glabrous,  glossy  green  above,  paler,  below;  petioles  about  half  as  long  as  the  leaves,  sheathing  at  the 
bases  by  adnate  (stipular)  tissue;  nodes  jointed;  internodes  sulcate  with  7-9  ribs;  stem  40-100  cm  in  height  from  a 
pale,  branching  rhizome  system;  roots  adventitious  at  the  nodes.  (2n  =  22). 

Importance:  The  plants  are  freely  cloning  and  highly  competitive  in  aquatic  ecosystems,  possibly  crowding  out 
some  other  species  entirely  under  certain  conditions.  They  are  infrequently  cultivated  on  wet  ground.  Mashed  and 
boiled  roots  were  applied  as  a  poultice  by  Choctaw  Indians;  the  extract  is  listed  as  a  sedative,  antispasmodic  and 
astringent. 
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Aristolochiaceae  (Birthwort  Family) 

Primarily  a  tropical  and  subtropical  group  of  lianas,  subshrubs  and  herbs,  this  family  has  few  members  scattered  in 
boreal  regions.  Two  genera,  Aristolochia  and  Asarum  reach  North  America.  One  Asarum  species  and  one  of  Aris¬ 
tolochia  are  native  to  New  York  State,  while  three  more  Aristolochias  escape  cultivation  here.  The  plants  are 
known  for  various  uses  in  conventional  and  folk  medicine,  mostly  in  the  past.  Dutchmans-pipe,  Birthwort  and 
Wild  Ginger  are  valued  as  ornamentals.  The  bell  or  trumpet-shaped  flowers  are  noted  for  their  purple  to  lurid 
greenish-yellow  color  combinations,  and  some  produce  a  fetid  odor.  Aristolochia  flowers  trap  insects  overnight  and 
shed  pollen  on  them  the  following  day  as  they  seek  their  escape. 

FAMILY  DESCRIPTION 

Our  native  genera  have  bisexual  flowers  which  are  regular  or  bilaterally  symmetrical.  They  are  solitary,  or  borne  in 
clusters  or  in  loose  racemes  in  the  leaf  axils.  Stigmas  equal  the  number  of  locules  (6  in  ours)  of  the  single  ovary 
which  is  wholly  or  partially  inferior.  Styles  are  united  to  form  a  column,  with  the  6-12  stamens,  free  (Asarum)  or 
adnate  to  it  (Aristolochia).  Petals  are  absent.  The  calyx  is  conspicuous,  petaloid,  campanulate  or  tubular-contorted, 
3-lobed.  The  fruit  is  a  septicidal,  6-lobed  or  angled  capsule  or  an  indehiscent  berry.  The  anatropous  ovules  may 
become  compressed  seeds  which  may  bear  caruncles.  Endosperm  is  copious  and  embryos  are  minute.  Leaves  are 
cordate  to  triangulate-sagittate,  rarely  broadly  linear;  they  are  alternate  and  distichous.  The  stems  are  prostrate, 
twining  or  erect,  the  herbaceous  members  copiously  rooting. 


KEY  TO  GENERA 

1.  Flowers  campanulate,  radially  symmetrical;  stamens  12;  stems  prostrate,  producing  two  leaves  annually  per 

node . . . 1.  Asarum  (p.  16) 

1.  Flowers  tubular-contorted,  bilaterally  symmetrical;  stamens  6;  erect  herbs  or  twining  vines  with  leafy  stems . 

. 2.  Aristolochia  (p.  17) 


1.  ASARUM 

Common  Names:  Wild  Ginger,  Asarabacca,  Asarette  (Quebec),  Wild  Nard 
Authority:  Linnaeus,  Species  Pi.,  p.  442,  1753 

A  genus  of  herbs,  distributed  circumbo really,  primarily  in  the  southern  remnants  of  the  Arctotertiary  Forest  of 
Eurasia  and  North  America.  Over  60  species  have  been  described,  mostly  from  eastern  Asia.  A  single  species  is 
widespread  in  the  rich  woodlands  of  New  York  State,  where  it  exhibits  a  wide  polymorphism.  A  group  called 
Heartleafs  is  closely  related,  but  of  more  southerly  distribution  (sometimes  segregated  as  Hexastylis ).  The  genus 
Asarum  is  known  throughout  the  North  Temperate  area  for  its  uses  in  folk  medicine,  and  it  is  cultivated  occasion¬ 
ally  as  a  curiosity  or  ground  cover. 
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1.  Asarum  canadense  L. 

Common  Names:  Wild  Ginger,  Asarabacca,  Canadian 
Ginger,  Indian  Ginger,  Canada  Snakeroot 

Type  Description:  Linnaeus,  Species  Pi.  I,  p.  442, 
1753 

Synonyms:  A.  acuminatum  (Ashe)  Bickn.,  A.  ambiguum 
(Bickn.)  Daniels,  A.  reflexum  Bickn. 

Origin:  Eastern  North  America 

Habitats:  Humus-rich,  moist  soils  and  leaf  litter  of 
forest  floors  and  slopes 

Habit:  Sprawling,  perennial,  rhizomatous  herb,  form¬ 
ing  clonal  colonies 

Flowering:  April-June 

Fruiting:  June-August 

General  Distribution:  Gaspe  Peninsula  to  Minnesota, 
south  to  Arkansas  and  North  Carolina 


Description:  Flowers  bisexual;  stigmas  6;  styles  6,  cohering  to  form  a  furrowed  column;  ovary  1,  fusiform, 
6-chambered,  with  many  anatropous  ovules,  its  ventral  walls  fused  to  the  calyx,  becoming  a  6-locular  berry  with 
strongly  caruncled  seeds;  berry  0.6-1. 8  cm  in  diameter,  enclosed  in  the  persistent  calyx  and  opening  irregularly 
with  age;  stamens  12,  free,  their  bases  inserted  on  the  ovary;  connectives  projecting  beyond  the  anther  sacs  as 
subulate  tips;  minute,  subulate,  rudimentary  stamens  inserted  alternate  to  the  lobes  within  the  calyx;  petals  ab¬ 
sent;  calyx  regular,  2-5  cm  long,  fused  with  the  ovary  below,  campanulate,  strongly  3-lobed  and  cleft  above,  dark 
to  dusky  red-purple,  yellowish-  to  greenish-tinged  within,  densely  villous  with  septate  trichomes  which  are  sparser 
within  the  flower;  calyx  tips  ascending  to  spreading  (or  reflexed),  deltoid  to  acuminate,  caudate  tipped  or  merely 
apiculate;  peduncle  densely  villous,  1-5  cm  long;  flower  solitary,  borne  between  two  leaves;  leaves  cordate,  re- 
niforrn  to  orbicular,  3-8  (12)  cm  long  (from  the  sinus),  5-15  (21)  cm  wide,  with  rounded  to  obtuse  apex,  surfaces 
minutely  hispid  to  pilose  along  major  veins,  dark  to  pale  green,  sometimes  brown-  or  purple-mottled;  petioles  5-20 
(28)  cm  long,  weakly  to  strongly  villous;  stem  prostrate,  annually  bearing  2-3  scarious  scales  and  2  leaves,  fragrant, 
freely  rooting. 

Infraspecific  Variation:  A  number  of  varieties  have  been  named  on  the  basis  of  calyx  characters.  Those  with  calyx 
lobes  gradually  tapering  to  caudate  tips  have  been  called  var.  acuminatum  Ashe.  The  more  distinctive  var.  re¬ 
flexum  (Bickn.)  Robins,  is  linked  with  the  typical  variety  by  intermediates  designated  var.  ambiguum  (Bickn.) 
Farw.  In  its  typical  form,  var.  reflexum  has  deltoid  calyx  lobes  which  are  strongly  reflexed.  Forma  phelpsiae  of  St. 
Lawrence  County,  New  York  is  a  population  in  which  leaf  sinuses  are  fused. 
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Importance:  Roots,  rhizomes  and  leaves  have  an  agreeable  odor,  suggestive  of  ginger,  and  have  been  used  in  small 
quantities  in  seasoning;  roots  have  been  boiled  in  a  thick  sugar-syrup  as  a  delicacy.  In  any  quantity,  Wild  Ginger 
has  medicinal  effects,  however.  Powder  and  tonics  have  been  used  as  emetics,  mange  cure,  and  a  source  of  brown 
dye  in  Europe;  in  North  America,  medicinal  uses  have  included  heart  stimulation,  treatment  of  arrhythmia  and 
chest  pains,  promotion  of  menstruation,  relief  of  bowel  spasms  and  treatment  of  throat  ailments;  it  is  listed  as  a 
stimulant,  carminitive,  diuretic  and  diaphoretic;  extracted  principles  include  a  volatile  oil  used  in  perfume, 
camphor-like  azorone,  asarin,  a  bitter  component,  resin,  mucilage,  alkaloids  and  aristolochic  acid,  known  to  have 
antimicrobial  properties  and  retard  certain  kinds  of  cancer  in  mice.  Root  tinctures  were  used  by  American  Indians 
to  treat  ear  infection,  and  early  European  settlers  in  the  New  World  learned  to  mix  the  powder  with  bark  scraps  as 
a  deterrent  to  tooth  decay. 


2.  ARISTOLOCHLA 

Common  Names:  Birthwort,  Dutchman’s-pipe,  Pine-vine,  Serpentary,  Virginia  Snakeroot 
Authority:  Linnaeus,  Species  Pi.,  p.  960,  1753 

A  large  genus  of  vines,  herbs  or  subshrubs,  distributed  pantropically,  with  some  species  reaching  temperate  re¬ 
gions.  Of  the  four  species  reported  in  New  York,  only  one  is  native  to  the  State,  where  it  is  a  rarity,  as  well.  Two 
of  the  three  naturalized  species  are  native  to  the  southeastern  United  States.  Pipe-vine  and  Dutchman’s-pipe  are 
cultivated  as  trellis  plants.  The  genus  Aristolochia  derives  its  name  (which  translates,  “best  delivery”  from  Greek) 
from  medicinal  powers  which  allegedly  give  aid  in  childbirth. 

Description:  Flowers  bisexual;  stigmas  3  or  6,  forming  lobes  or  crown-like  projections  on  a  single,  thick  stylar  col¬ 
umn  or  gynostemium;  ovary  wholly  inferior,  6-loculed,  elongate,  externally  similar  to  the  peduncle,  becoming  a 
septicidal  capsule;  placentation  axile;  seeds  numerous,  compressed,  with  copious  endosperm;  corolla  absent;  calyx 
conspicuous,  purple  to  lurid,  yellow-green  or  mottled,  tubular  to  pipe-shaped,  bilaterally  symmetrical  by  virtue  of 
irregular  twisting  and  lobing,  with  a  basal  chamber  or  utricle,  and  a  tube  which  flares  at  its  distal  end  into  an 
unevenly  lobed  limb;  the  throat  of  the  limb  may  bear  an  annulus,  and  the  junction  between  utricle  and  tube  of 
some  species  is  elaborated  into  a  syrinx  (absent  in  ours);  inflorescences  pseudofascicular  by  crowding,  or  flowers 
borne  singly  in  leaf  or  bract  axil,  often  on  short,  lateral,  fertile  shoots;  pedicels  often  associated  with  bracts  or 
reduced  leaves;  leaves  alternate,  simple,  linear-sagittate  to  cordate-ovate,  long-petioled,  estipulate;  stems  woody, 
twining,  or  erect  to  lax  herbs,  somewhat  woody  at  base,  from  perennial  rootstocks.  Vines  twine  clockwise  (left  to  right). 


KEY  TO  SPECIES  OF  ARISTOLOCHIA 

1.  Flower  tube  nearly  straight;  flowers  clustered  in  the  leaf  axils  . 1.  Aristolochia  clematitis(p.  19) 

1.  Flower  tube  strongly  curved,  often  pipe-like;  flowers  not  clustered . (2) 

2.  Plants  herbaceous,  never  twining;  flowers  in  scaly-bracted  cymes  from  the  plant  base . 

. 2.  Aristolochia  serpentaria  (p.  20) 

2.  Plants  climbing,  twining;  flowers  solitary  in  the  leaf  axils . (3) 

3.  Peduncles  and  flowers  densely  toinentose;  peduncular  bract  absent . 

. 3.  Aristolochia  tomentosa  (p.  21) 

3.  Peduncles  and  flowers  glabrous  or  weakly  pubescent;  peduncular  bract  conspicuous,  leaf-like . . . 

. 4.  Aristolochia  macrophylla  (p.  22) 
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1.  Aristolochia  clematitis  L. 

Common  Name:  Birth  wort 

Type  Description:  Linnaeus,  Species  Pi.  II,  p.  962, 
1753 

Origin:  Southern  Europe 

Habitats:  Waste  places,  old  lots,  roadsides  as  an  es¬ 
cape 

Habit:  Erect  herbs 
Flowering:  June-August 
Fruiting:  August-October 

General  Distribution:  European  (introduced  locally  in 
North  America) 


Description:  Flowers  bisexual;  stigma  of  6  pointed  lobes;  stylar  column  thick,  short;  ovary  6-celled,  inferior,  be¬ 
coming  a  subglobose  to  cylindric  capsule,  2.5-3. 1  cm  long,  dehiscing  basipetally  along  6  longitudinal  sutures;  seeds 
numerous,  flattened,  10  mm  long,  12  mm  wide;  stamens  6,  sessile  on  the  column,  equidistant;  petals  absent;  calyx 
tube  straight  or  only  slightly  curved;  utricle  flared  near  its  attachment  to  the  ovary,  yellow-green  to  purplish- 
tinged;  tube  narrowing,  weakly  reflexed  to  form  a  narrowly  deltoid  to  trullate,  purplish  limb;  limb  0.8-1. 4  cm  long, 
calyx  1.3-2. 1  cm  total  length,  glabrous  except  for  a  few  small  hairs  on  the  utricle  base;  peduncles  about  5  mm 
long,  persistent;  inflorescence  of  axillary  fascicles  of  (1)  2-8  flowers;  leaves  broadly  cordate  to  reniform,  4-11  cm 
broad,  auriculate  with  large,  incurved  and  occasionally  blunt  lobes,  tips  obtuse  to  rounded,  (leaves)  2-8  cm  long, 
from  the  sinus,  palmately  veined  with  a  strongly  reticulated  venation  system  between,  essentially  glabrous;  petioles 
glabrous,  ridged,  2-6  cm  long;  pseudostipules  absent;  nodes  estipulate,  but  often  with  persistent  peduncles  in  the 
axils;  internodes  sulcate  and  sharply  ridged;  stems  up  to  1.5  m  tall,  erect  to  spreading  from  a  tough,  perennial 
rhizome. 

Importance:  Extracted  aristolochic  acid  has  been  used  as  a  bacterial  and  fungal  retardant;  in  Europe  the  highly 
diluted  crude  extract  has  been  used  for  colds,  chills,  fevers  and  asthma.  Concentrated  extracts  of  any  Aristolochia 
may  be  harmful  to  the  digestive  tract  and  lethally  poisonous  if  administered  indiscriminately. 
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2.  Aristolochia  serpentaria  L. 

Common  Names:  Virginia  Snakeroot,  Serpentary 

Synonyms:  A.  hastata  Nutt.,  A.  sagittata  Muhl.,  A. 
polyrrhizos  Spreng.  A.  dodecandra  Raf. ,  A.  convol- 
vulacea  Small,  A.  serpentaria  var.  hastata  (Nutt.) 
Duehartre,  A.  officinalis  Nees,  A.  nashii  Kearney, 
(also  combinations  under  Endodeca,  Pistolochia  and 
Psophiza) 

Type  Description:  Linnaeus,  Species  Pi.  II,  p.  961, 
1753 

Origin:  Eastern  North  America 

Habitats:  Rich,  often  calcareous  soils,  woodlands  and 
floodplains 

Habit:  Erect  or  ascending  herb,  often  bearing  its  flow¬ 
ers  among  leaf  litter 

Flowering:  Late  May -July 

Fruiting:  July-October 

General  Distribution:  Connecticut  and  southern  New 
York  to  Florida,  Texas  and  Missouri 


Description:  Flowers  bisexual;  stigma  6-lobed;  stylar  column  fleshy,  ca.  1.5  mm  high;  ovary  1,  inferior,  becoming  a 
spheroid  capsule,  0. 8-1.5  cm  in  diameter,  dehiscing  basipetally  along  6  longitudinal  sutures;  seeds  relatively  few, 
4-5  mm  long,  ellipsoid  with  acute  tips,  each  borne  on  a  prominent  funicular  stalk  which  attaches  within  a  sinus; 
seed  surfaces  are  yellowish,  pebbly,  giving  the  superficial  appearance  of  grape  pits;  stamens  6,  connivent,  roughly 
paired;  petals  absent;  calyx  irregularly  curved  to  form  an  S-configuration,  0.8-1. 4  cm  total  length;  utricle  sub- 
globose;  tube  variously  swollen,  flared  at  the  distal  end  into  an  unevenly  lobed  limb;  outer  calyx  sparsely  to  den¬ 
sely  matted-pilose,  especially  toward  the  utricle;  syrinx  slightly  developed,  inequilateral;  limb  madder-purple, 
3-lobed  with  a  smooth,  ring-like  annulus;  fertile  branches  (“peduncles”)  2-9  cm  long,  scaly,  wiry,  arising  alter¬ 
nately  from  near  the  plant  base,  bearing  1-  (2-several)  flowers  each;  peduncle  scales  alternate,  2-several  per  stalk, 
sessile-hastate,  pubescent,  1-4  mm  long;  leaves  membranous,  heteromorphic;  upper  leaves  alternate,  distichous, 
ovate-lanceolate  to  linear-hastate  or  cordate  at  bases,  4-15  cm  long,  2-8  cm  broad,  sparsely  puberulent;  lower 
leaves  abruptly  reduced,  grading  into  scales  below;  petioles  longest  on  middle  to  upper  leaves,  0.4-2. 5  cm  long; 
pseudostipules  absent;  internodes  minutely  pubescent;  stems  8-50  cm  tall,  branching  at  the  bases,  erect  or  ascend¬ 
ing,  arising  from  a  short  rhizome  with  a  dense  fibrous  root  system. 

Infraspecific  Variation:  The  shape  and  lobing  of  leaves  may  vary  from  one  population  to  another  or  even  on  indi¬ 
viduals.  Plants  with  strongly  divergent  basal  lobes  on  narrowly  attenuate  leaves  have  been  given  both  species  and 
varietal  ranks  (see  synonymy).  Cleistogamous  flowers  have  been  described,  in  which  the  calyx  tube  does  not  de¬ 
velop  normally,  but  remains  as  a  small  cap. 
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Importance:  Like  other  Aristolochia  species,  it  is  suspect  in  livestock  and  human  poisoning,  but  the  plants  are  rare 
and  cases  are  rarely  reported.  Aristolochic  acid  (yellow  bitter-principle),  resinous  aristinic  acid  and  a  volatile  oil 
have  been  extracted  from  this  species;  moderate  doses  of  extract  are  said  to  act  as  a  gastric  stimulant,  and  may  aid 
in  dyspepsia;  however,  large  doses  are  known  to  overstimulate,  causing  upset  and  dysentery.  The  principle  was 
commonly  mixed  with  barks  of  various  trees  and  made  into  a  medicinal  tea;  Indian  lore  recommends  a  root  extract 
to  check  vomiting;  folk  uses  and  claims  are  numerous,  but  not  well  documented,  including  treatment  for  bilious, 
typhus  and  typhoid  fevers,  small-pox,  pneumonia,  amenorhoea  and  septisemic  fevers;  its  use  after  snakebite  is  ap¬ 
parently  as  a  fever  retardant.  Its  reputation  as  a  panacea  is  highly  suspect,  not  recommended  in  modern  medicinal 


practice. 


3.  Aristolochia  tomentosa  Sims 

Common  Name:  Woolly  Pipe-vine 
Type  Description:  Sims,  Bot.  Mag.,  pi.  1369,  1811 
Synonyms:  A.  hirsuta  Muhl.,  A.  tripteris  Raf. ,  A. 
coriacea  Raf.,  A.  hitchcockii  Gandoger  (also  combi¬ 
nations  under  Siphisia,  Isiphia,  Hoquartia,  Isotrema 
and  Dasijphonion) 

Origin:  Eastern  North  America 

Habitats:  Moist,  alluvial  woods  and  calcareous  bottom¬ 
lands 

Habit:  Twining,  woody,  perennial  vine,  becoming  a 
high-climbing  liana 
Flowering:  June-July 
Fruiting:  August-November 

General  Distribution:  Illinois  to  Florida,  west  to  Texas 
(escaping  cultivation  in  New  York  State) 


Description:  Flowers  bisexual;  stigma  6-lobed;  stylar  column  fleshy,  ca.  3  mm  high;  ovary  2-2.5  cm  long,  inferior, 
well-developed  in  flower  and  distinguishable  from  the  pedicel,  densely  tomentose  without,  becoming  a  large, 
woody  capsule  (4.5-8  cm  long,  1. 5-2.5  cm  wide)  which  dehisces  along  6  longitudinal  sutures;  seeds  numerous, 
flattened,  caruncled,  0. 8-1.0  mm  long  and  broad;  stamens  6,  adnate  to  the  stylar  column  in  pairs;  petals  absent; 
calyx  cylindric,  somewhat  inflated  at  the  utricle;  tube  strongly  curved  upward,  yellowish,  tomentose,  with  an  ab¬ 
ruptly  flared  limb;  limb  purple,  1.3-1. 7  cm  across,  3-lobed,  the  lower  lobe  slightly  larger;  annulus  prominent, 
rugose,  nearly  closed  at  the  throat;  pedicels  1.5-3. 1  cm  long  (or  short,  bearing  an  undeveloped  flower)  on  densely 
tomentose,  short,  lateral  shoots,  1-4  cm  long;  the  joint  usually  bears  a  tomentose  reduced  leaf  which  is  less  than 
1  cm  in  length;  bud  scales  at  the  shoot  base  tomentose  beneath,  minute;  inflorescences  are  of  1-2  flowers  per 
shoot,  borne  singly;  leaves  are  broadly  cordate  to  reniform,  with  obtuse  to  rounded  tips,  3-10  (20)  cm  long,  2-8 
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(15)  cm  broad,  densely  tomentose  below,  less  pubescent  above;  petioles  tomentose,  1-4.5  cm  long;  pseudostipules 
absent;  nodes  somewhat  enlarged  with  a  tuft  of  hairs  at  the  base  of  each  short  shoot;  internodes  slightly  fluted, 
glaucous  to  puberulent,  reddish  beneath;  stems  woody,  twining,  up  to  25  m  from  a  perennial  rootstock. 

Importance:  Cultivated  outside  its  range  in  the  United  States,  Canada  and  Europe  as  an  arbor  or  trellis  plant. 


4.  Aristolochia  macrophylla  Lamarck 

Common  Names:  Dutchman’s-pipe,  Pipe-vine 
Type  Description:  Lamarck,  Encycl.  Meth.  Bot.  1, 
p.  255,  1783 

Synonyms:  A.  durior  Hill,  A.  sipho  L’Her.,  A.  frutes- 
cens,  Marsh,  A.  grandifolia  Salisb.,  A.  arkansaw 
Lodd.,  (also  combinations  under  Hoquartia, 
Siphisia,  Isiphia  and  Isotrema) 

Habitats:  Rich  woodlands  and  streambanks  in  upland 
environments 

Habit:  Twining,  high-climbing,  woody  liana 
Flowering:  June  (New  York) 

Fruiting:  August-November 

General  Distribution:  Pennsylvania  (Connecticut)  to 
northern  Alabama  in  the  Appalachian  uplands,  culti¬ 
vated  and  naturalizing  northward  to  New  York 


Description:  Flowers  bisexual;  stigma  6-lobed,  stylar  column  fleshy,  about  4  mm  high;  ovary  1,  inferior,  not  con¬ 
spicuous  in  flower,  slightly  furrowed,  glabrous,  developing  into  a  large  cylindric  capsule,  5.5-10  cm  long,  1.5-5. 8 
cm  wide,  valvate-dehiscent  along  6  longitudinal  sutures;  seeds  numerous,  cordate-flattened,  caruncled,  0. 6-1.0  cm 
long;  stamens  6,  adnate  to  column,  paired;  petals  absent;  calyx  with  a  flared  utricle,  the  tube  curved  abruptly 
upward,  2-2.5  cm  long,  narrowing  toward  the  apex,  yellowish,  often  mottled,  essentially  glabrous,  expanded  ab¬ 
ruptly  into  a  limb;  limb  3-lobed,  madder-purple,  the  upper  two  lobes  acute,  the  lower  blunt-obtuse,  2-2.5  cm 
broad;  pedicels  2-4  cm  long,  glabrous,  on  slender,  lateral  shoots  1-3  cm  long;  bract  at  their  joint  foliaceous,  sessile, 
puberulent,  1-3  cm  long  and  wide,  cordate-clasping;  leaves  cordate,  ovate  to  renifonn  with  acuminate  tips,  10-45 
cm  long  and  broad,  minutely  pubescent  beneath,  especially  on  the  veins;  petioles  puberulent  to  glabrous,  3-8  cm 
long;  pseudostipules  absent;  nodes  somewhat  enlarged,  internodes  reddish,  variously  ribbed  and  thickened,  gla¬ 
brous;  stem  climbing  up  to  20  m  from  a  perennial  rootstock. 

Importance:  This  is  a  popular  cultivated  plant  in  the  United  States  and  especially  in  Europe  where  it  is  not  an 
uncommon  sight  covering  columns,  trellises  and  lamp  posts.  It  is  grown  primarily  for  its  climbing  properties  and 
lush  foliage;  propagated  from  cuttings. 

Note:  According  to  Pfeifer  (1962,  1966)  the  commonly  used  binomial,  A.  durior,  is  based  on  an  illustration  of  poor 
quality  which  more  closely  resembles  Bignonia  capreolata. 
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Nymphaeaceae  (Waterlily  Family) 

As  treated  herein,  the  Nymphaeaceae  consists  of  the  genera  Nymphaea,  Nuphar,  and  Ondinea,  the  latter  being 
described  in  1970  from  northwestern  Australia.  Three  genera  native  to  New  York  State,  which  have  been  ascribed 
to  Nymphaeaceae  in  the  past,  are  treated  as  separate  families:  Nelumbo  (Nelumbonaceae),  Brasenia  and  Cabomba 
(Cabombaceae).  Still  other  genera,  not  native  to  New  York  State,  are  also  considered  to  belong  to  separate  families; 
thus  Victoria  and  Euryale  (Eurvalaceae)  and  Barclaya  (Barclayaceae)  are  not  included  in  the  family  description. 
Since  Ondinea  has  unusual  characteristics  (3-5  carpels,  epigynous  stamens,  no  petals),  and  is  also  not  native  to  this 
continent,  its  characters  are  omitted  as  exceptions.  Depending  on  the  author  involved,  Nymphaea  can  be  consid¬ 
ered  to  have  about  40  species  and  Nuphar  as  many  as  25.  However,  only  one  polymorphic  species  of  Nymphaea 
occurs  in  our  area,  and  the  most  recent  treatment  of  Nuphar  (Beal,  1956)  reduced  the  number  of  species  in  North 
America  and  Europe  to  one,  with  several  subspecies  and  intergrading  clinal  series.  Of  these,  three  subspecies  and 
their  intermediates  occur  in  New  York  State.  Members  of  the  Nymphaeaceae  and  their  hybrids  are  popular  in 
cultivation.  They  are  also  important  as  wildlife  food  and  in  the  light  and  shelter  dynamics  of  aquatic  ecosystems. 

FAMILY  DESCRIPTION 

Members  of  Nymphaeaceae  are  aquatic,  colony-forming  perennials.  Rhizomes  range  from  slender  to  massive  (some¬ 
times  tuberous)  with  thick,  adventitious  roots  throughout,  and  petioles  and  peduncles  are  arranged  spirally,  appear¬ 
ing  tightly  clustered  near  their  tips  with  the  decay  of  dead  tissue.  Leaves  are  submerged,  floating  or  emergent, 
passing  through  a  series  of  submerged  forms  in  early  development.  Mature  leaves  are  orbicular  to  oval  with  a  sinus 
(rarely  slightly  peltate)  to  sagittate,  glossy  green  above,  paler  green  to  red-purple,  much-veined  below.  Petioles  are 
elongate,  fleshy.  Flowers  are  perfect,  radially  symmetrical,  floating  or  emergent.  They  are  solitary  on  long,  stiff 
peduncles  (which  recoil  after  fertilization  in  Nymphaea).  Flowers  of  Nymphaea  are  persistent  at  the  water  surface 
for  several  days  during  which  time  they  grow  in  size,  opening  and  closing  daily.  Perianth  parts  (excluding 
staminodia)  4-40  free,  white  or  yellow  (blue,  pink)  to  greenish  or  maroon,  not  strongly  differentiated  into  calyx  and 
corolla  in  Nymphaea.  Stamens  are  numerous,  spirally  arranged,  attached  to  the  carpellary  wall  or  hypogynous,  in- 
trorse;  anther  sacs  are  two  in  number.  Stamens  grade  into  petal-like  staminodia  in  Nymphaea.  Carpels  are  numer¬ 
ous,  partially  or  wholly  fused.  Each  conduplicate  carpel  contains  numerous  anatropous  ovules  which  vary  in  lateral 
union  and  attachment  to  the  carpel  wall.  Stigmatic  areas  are  exposed  on  a  radiate  disc.  The  margins  fuse  early  in 
Nuphar  but  late  in  Nymphaea  (not  at  all  in  some  Nuphar  mutants)  emphasizing  their  conduplicate  origin.  Seeds 
are  numerous  within  each  carpellary  unit  of  the  fruit;  they  are  operculate,  with  or  without  an  aril.  Fruits  are  leath¬ 
ery  berries,  dehiscing  into  pips  near  the  water  surface  (Nuphar)  or  submerged  on  the  recoiled  peduncles  (Nym¬ 
phaea).  Each  seed  has  a  straight  embryo  and  starchy  to  albuminous  endosperm. 


KEY  TO  GENERA 

1.  Perianth  parts  (tepals)  snowy  white  (to  pinkish),  the  outer  4-5,  ±  sepaloid;  carpels  partially  fused,  the  stigmatic 
areas  individually  curved  inward;  stamens  perigynous  on  the  carpellary  wall;  seed  arillate;  leaves  mostly  orbicu¬ 
lar,  lobes  pointed  at  the  tips . 1.  Nymphaea  (p.  23) 

1.  Perianth  parts  yellow  to  green  (often  maroon),  clearly  differentiated  into  outer  and  inner  series;  carpels  com¬ 
pletely  fused,  the  stigmatic  areas  on  a  lobed  or  entire  disc;  stamens  hypogynous;  seeds  not  arillate;  leaves  or¬ 
bicular  to  hastate,  the  lobes  rounded  . 2.  Nuphar  (p.  25) 


1.  NYMPHAEA 

Common  Names:  Water-lily,  Pond-lily,  Nymphaea,  Fragrant  Water-lily,  White  Water-lily,  Bonnet 
Authority:  Linnaeus,  Species  Pi.,  p.  510,  1753 

A  genus  of  perhaps  40  species  distributed  primarily  in  the  Northern  Hemisphere.  Many  species  are  highly  prized 
as  ornamentals,  and  variability  is  extensive,  even  among  our  “native  varieties.  ”  The  timing  of  opening  and  closing 
of  flowers  is  apparently  dependent  on  the  specific  clone  involved.  Fruits  and  seeds  are  sought  out  by  diving  birds, 
where  they  lie  near  the  bottom,  entangled  in  the  recoiled  peduncles. 
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1.  Nymphaea  odorata  Ait. 

Common  Names:  White  Water-lily,  Fragrant  Water- 
lily,  Pond-lily,  Nymphaea,  Sweet-scented  Water-lily, 
Rose-eolored  Water-lily,  Bonnet 
Type  Description:  Aiton,  Hort.  Kew.  2,  p.  227,  1789 
Synonyms:  N.  tuherosa  Paine,  N.  odorata  f.  rubra 
Guillon,  N.  spiralis  Raf. ,  N.  lekophylla  (Small)  Cory, 
Castalia  odorata  (Dryand.)  Woodv.  &  Wood,  Cas- 
talia  lekophylla  Small,  Castalia  tuherosa  (Paine) 
Greene 

Origin:  Eastern  North  America 

Habitats:  Ponds,  slow  streams,  quiet  lakes  and  sloughs 
Habit:  Rhizomatous,  sometimes  tuberous,  aquatic, 
herbaceous  perennial  with  mostly  floating  leaves  and 
flowers;  forming  extensive  colonies 
Flowering:  June-September 
Fruiting:  Late  June-November 

General  Distribution:  Newfoundland  to  Manitoba, 
northern  Minnesota  and  Michigan  to  Florida,  Texas, 
Mexico  and  El  Salvador 


Description:  Plants  with  bisexual  flowers;  stigmas  10-25  per  flower,  forming  a  radiate  disc,  with  sterile  tissue  ex¬ 
tending  upward  as  a  crown  of  slender,  incurved  appendages;  ovary  1,  consisting  of  10-25  partially  fused  carpels, 
becoming  a  leathery  berry,  2. 5-3.5  cm  in  diameter  in  fruit;  ovules  numerous,  anatropous,  variously  fused  to  the 
carpel  wall;  seeds  arillate  and  opereulate,  ellipsoid,  1.5-4. 4  mm  long;  embryo  in  a  pocket  near  the  hilum;  cotyle¬ 
dons  large,  enfolding  the  plumule;  endosperm  albuminous  to  thick,  starchy,  enclosed  in  copious  perisperm;  sta¬ 
mens  60  or  more,  introrse;  anther  sacs  elongate,  upeurved;  filaments  attached  basally  to  the  hypanthium  surround¬ 
ing  the  ovary;  petaloid  staminodia,  1-4  cm  long,  intergrading  with  the  tepals  of  the  perianth;  perianth  radially 
symmetrical,  consisting  of  numerous,  inner,  white  to  pinkish  tepals,  2-9  cm  long,  1.5-3. 5  cm  wide,  elliptic- 
lanceolate  to  spatulate  with  acute  to  rounded  tips,  grading  into  a  few  (usually  4)  greenish  to  purple  sepal-like  lobes; 
flowers  solitary,  floating  or  emergent,  often  fragrant,  7-25  cm  broad,  open  from  morning  to  early  afternoon; 
peduncles  smooth,  fleshy,  up  to  3  m  long,  greenish  to  purple;  leaves  mostly  orbicular  to  oval  in  outline,  4-50  (60) 


24 


cm  in  diameter,  with  a  sinus  to  the  petiole  and  pointed,  basal  lobes,  pale  to  dark  green,  waxy  above,  often  purple 
to  pale  red  beneath,  essentially  net-veined  with  a  few  major  laterals  arising  from  the  midrib;  petioles  arising  with 
the  peduncles  on  the  rhizome,  greenish  to  purple  or  with  longitudinal,  brown  stripes;  rhizomes  slender  to  thick, 
fleshy  and  starchy,  sometimes  tuberous  and  serving  to  propagate  certain  clones;  roots  fleshy,  adventitious.  (2n  = 
56  or  84  in  large,  southern  forms). 

Infraspecific  Variation:  Of  the  many  other  described  taxa  in  this  genus,  we  have  N.  odorata  f.  rubra  Guillon  and 
“N.  tuberosa  in  New  York  State.  The  former  is  an  escape  from  cultivation  which  has  naturalized  in  a  few  areas. 
The  concept  of  N.  tuberosa  has  received  considerable  acceptance  and  attention,  due  to  the  large  number  of  obvi¬ 
ous  characters  ascribed  to  it.  It  has  been  characterized  as  tuberous,  with  large  leaves,  greenish  beneath,  brown 
striped  petioles,  large,  odorless  flowers  which  stay  open  longer,  green  sepals,  numerous,  broader,  spatulate-rounded 
petals,  narrower  anther  sacs  on  inner  filaments,  few  carpels  and  seeds  and  short  arils.  Numerous  field  observations 
as  well  as  population  and  transplant  studies  have  confirmed  the  erratic  distribution  and  clustering  of  these  traits 
(Monson)  1957-58;  Williams,  1970).  Although  clones  are  known  which  concentrate  certain  character-combinations, 
the  array  of  such  combinations  is  extensive.  Most  northern  populations  appear  to  be  tuberous  to  an  extent,  relying 
on  this  means  of  propagation  more  than  on  seeds.  Further  study  of  this  group  is  called  for,  especially  comparing 
northern  and  southern  representatives  of  the  species-complex. 

Importance:  Nymphaea  odorata  has  long  been  cultivated  and  encouraged  where  it  naturally  occurs  in  North 
America.  Its  horticultural  introduction  into  England  in  1786  is  said  to  have  aroused  much  interest  in  Water-lily 
cultivation  throughout  Europe  (Sculthorpe,  1967).  It  is  the  traditional  lily  pad  of  literature  and  folk  songs  of  the 
North  American  continent.  It  is  still  prized  as  an  aquatic  ornamental,  though  many  more  exotic  cultivars  have  been 
bred.  It  is  considered  a  weed  in  situations  where  it  clogs  waterways  or  adds  to  silts  in  ponds.  It  is  a  valuable 
shelter  and  attachment  for  small  animals  and  algae,  and  the  seeds  are  eaten  by  waterfowl.  Rhizomes  and  tubers  are 
extremely  starchy,  and  may  be  utilized  as  human  food.  Indians  of  the  north  central  states  used  the  pulp  in  bread¬ 
making.  The  tubers  are  sought  out  as  food  by  wild  hogs  and  deer. 

2.  NUPHAR 

Common  Names:  Yellow  Pond-lily,  Spatter-dock,  Yellow  Water-lily,  Cow-lily 
Authority:  J.  E.  Smith  in  Fl.  Graec.  Prodr.  I,  p.  361,  1808-09  (nom.  cons.) 

A  genus  of  highly  variable  plants,  limited  to  the  Northern  Hemisphere.  Some  authors  recognize  as  many  as  25 
species  (and  literally  hundreds  of  infraspecific  taxa)  with  up  to  18  of  these  occurring  in  the  United  States  and 
Canada.  The  most  recent  treatment  (Beal,  1956),  supported  by  subsequent  experimental  evidence  (Beal  &  Southall, 
1977),  recognizes  one  species  throughout  North  America  and  Europe  with  9  subspecies.  It  is  that  treatment  which 
will  be  followed  here. 


1.  Nuphar  luteum  (L).  Sibth.  &  Smith 

Common  Names:  Yellow  Pond-lily,  Spatter-dock,  Yellow  Water-lily,  Cow-lilv 
Type  Description:  Linnaeus,  Species,  PL,  p.  510,  1753  (in  part) 

Synonyms:  Nymphaea  lutea  L.,  Nymphaea  umbilicaulis  Salisb.  in  Konig  &  Sims,  Nymphozanthus  vulgaris  Rich., 
Nenuphar  lutea  Hayne,  Clarivillea  lutea  (L.)  Hegets.,  Nenufar  luteum  Hayne,  Nufar  systylum  Wallr. ,  Nym- 
phona  lutea  (L.)  Bub.,  Nymphozanthus  sericeus  (Lang)  Fern.,  Nymphozanthus  luteus  (L.)  Fern. 

Origin:  Eurasia  (but  long  native  to  North  America) 

Habitats:  Ponds,  lakes,  sloughs,  streams,  bogs  and  occasionally  on  wet  mud 
Habit:  Strictly  rhizomatous  perennial  herb,  forming  clonal  colonies 
Flowering:  May-Oetober 
Fruiting:  June-November 

General  Distribution:  Temperate  to  subtropical  and  subarctic  areas  of  the  Northern  Hemisphere 

Description:  Flowers  bisexual;  stigmatic  areas  borne  on  a  radiate,  deeply  crenate  to  entire  stigmatic  disc,  0.5-5  cm 
in  diameter,  the  5-36  stigmatic  rays  extending  to  within  4  mm  of  the  disc  margin  and  often  to  the  margin;  style  1, 
very  constricted  to  about  the  same  diameter  as  the  stigmatic  disc,  green,  yellowish  and/or  variously  tinged  with 
maroon;  ovary  1,  the  carpels  completely  fused,  5-36  chambered,  with  numerous  ovules  per  chamber,  up  to  8  cm 
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long  in  fruit;  seeds  operculate,  not  arillate,  2.5-5  mm  wide  and  up  to  5  mm  long;  stamens  numerous  hypogenous, 
with  ventral  anthers  1-10  mm  long,  usually  with  sterile  tissue  extending  (up  to  4  mm)  beyond  the  anthers;  corolla 
represented  by  small  (up  to  10  mm  long)  yellowish  to  maroon  petals  in  a  spiral  arrangement  immediately  external 
to  the  stamens;  calyx  radially  symmetrical,  conspicuous,  the  5-14  sepals  relatively  large,  1-4.5  cm  long,  greenish, 
often  yellowish  and/or  maroon  on  the  ventral  surface  (and  sometimes  both  the  ventral  and  dorsal  surfaces),  1.5-12 
cm  in  diameter  when  fully  expanded;  flowers  solitary  on  elongate,  spongy  peduncles  up  to  3.5  m  long;  leaves 
submersed,  floating  or  emergent,  the  blades  ranging  from  wider  than  long  (essentially  orbicular)  to  as  much  as  5 
times  as  long  as  wide,  up  to  6  dm  in  length  or  in  diameter,  with  divergent  to  overlapping  blunt-tipped  basal  lobes, 
glabrous  to  densely  pubescent  beneath,  the  major  veins  arising  from  the  midrib;  petioles  glabrous  to  pubescent,  up 
to  3.5  m  in  length,  arising  (along  with  adventitious  roots  and  peduncles)  from  the  nodes  of  the  rhizome;  rhizome 
1-15  cm  in  diameter.  (2n  =  34). 

Infraspecific  Variation:  Variation  among  clonal  populations  and  between  subspecies  is  exceptionally  great;  however, 
variation  within  clones  is  minimal.  Sterility  has  been  reported  among  plants  intermediate  between  ssp.  pumilum 
and  ssp.  variegatum  [often  known  as  Nuphar  rubrodiscum  Morong,  Nymphaea  rubrodisca  Greene,  Nymphaea 
hybrida  Peck,  N ymphozanthus  rubrodiscus  (Morong)  Fern.,  Nuphar  X  hybridum  (Peck)  Berg.,  or  X  Nuphar  ru¬ 
brodiscum  (Morong)  Fern.],  as  well  as  complete  fertility  in  some  populations.  It  may  well  be  that  sterility  is  less 
prevalent  than  previously  reported,  in  view  of  experimental  evidence  involving  intermediates  of  ssp.  macrophyllum 
and  ssp.  sagittifolium  in  North  Carolina  (Beal  and  Southall,  1977),  in  which  the  intermediates  would  not  germinate 
without  vernalization  but,  upon  appropriate  vernalization  treatment,  germinated  equally  as  well  as  their  supposed 
parental  subspecies. 

Subspecies  macrophyllum  and  ssp.  variegatum  are  the  most  tenuously  delimited  taxa  in  the  genus.  In  areas 
where  their  ranges  are  parapatric,  the  presumed  distinctive  features  blend  and  intergrade  with  no  apparent  sterility 
of  the  intermediates.  As  one  progresses  northward  from  '  macrophyllum  territory”  into  "variegatum  territory,”  the 
petioles  become  more  flattened  and  more  broadly  winged.  Also  the  inner  surfaces  of  the  sepals  and  the  carpels 
become  more  consistently  maroon.  In  fact,  in  this  treatment  of  Nuphar  luteum  in  New  York,  only  those  plants 
lacking  both  winged  petioles  and  maroon  coloration  have  been  treated  as  ssp.  macrophyllum.  All  other  combina¬ 
tions  have  been  treated  as  ssp.  variegatum. 

A  specimen  of  N.  luteum  ssp.  variegatum  was  collected  from  a  lily  pond,  Sag  Harbor,  Suffolk  County  by  Roy 
Latham  (No.  6792)  in  1929.  This  plant  has  a  leaf  length-width  ratio  of  almost  2,  reminiscent  of  the  intermediates 
between  ssp.  macrophyllum  and  ssp.  sagittifolium  in  the  Carolinas.  Undoubtedly,  should  this  population  still  exist, 
it  should  be  possible  to  experimentally  extract  genotypes  comparable  to  the  more  southern  coastal  form,  ssp.  sagit¬ 
tifolium.  In  fact,  experimental  studies  comparable  to  those  done  in  the  Carolinas,  should  throw  much  light  upon 
the  genetic  nature  of  the  subspecies  and  their  intermediates  in  New  York. 

A  single  specimen  of  N.  luteum  (Muenscher  and  Curtis,  5083,  CU)  from  Highland  Lake,  New  York,  has  the 
typical  leaf  shape  and  numerous  sepals  of  ssp.  polysepalum.  It  also  has  the  winged  petiole  characteristic  of  ssp. 
variegatum.  This  suggests  either  extreme  polymorphism  in  ssp.  variegatum  or  the  ephemeral  past  establishment  of 
ssp.  polysepalum  with  subsequent  introgression. 

Importance:  The  seeds  and  rootstocks  are  well-documented  food  sources  for  wildlife  and  man.  The  most  extensive 
use  of  seeds  has  been  by  northwestern  Indians  who  parch  them  ( N .  luteum  ssp.  polysepalum)  and  grind  off  the 
tough  hulls.  Subspecies  variegatum  has  been  used  in  New  York  and  New  England  where  seeds  were  boiled.  East¬ 
ern  Indians  primarily  ate  rhizomes,  after  boiling,  for  their  high  carbohydrate  content.  Early  reports  claim  the  taste 
of  sheep-liver  and  state  that  Indians  dove  for  the  “rootstocks”  or  “stole  them  from  muskrats.’ 

KEY  TO  SUBSPECIES 

1.  Fruit  narrowly  constricted  below  the  stigmatic  disc;  stigmatic  disc  deeply  crenate  or  dentate;  anthers  mostly 

1-2  mm  in  length;  sepals  usually  5;  petals  mostly  thin  and  broadly  spatulate . ....la.  N.  luteum  ssp.  pumilum 

1.  Fruit  only  slightly,  if  at  all,  constricted  below  the  stigmatic  disc;  stigmatic  disc  crenate  to  entire;  anthers  mostly 

5-8  mm  long;  sepals  usually  6  (  —  9);  petals  mostly  thick  and  oblong . . . . . .(2) 

2.  Petiole  conspicuously  flattened  and  winged  on  the  upper  surface;  sepals  (and  carpels)  often  maroon  colored  . . 

. . lb.  N.  luteum  ssp.  variegatum 

2.  Petiole  terete  to  oval  in  cross-section,  without  wings;  sepals  usually  green  and/or  yellow  on  the  inner  sur¬ 
face;  carpels  green  to  yellow . . . lc.  N.  luteum  ssp.  macrophyllum 
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la.  N.  luteum  ssp.  pumilum  (Timm.)  Beal 

Type  Description:  Timm.  Mag.  Nat.  Meckl.  2, 
p.  250,  1795 

Synonyms  for  North  American  plants:  Nymphaea 
lutea  J3  kalmiana  Michx.,  Nymphaea  lutea  fi 
microphylla  Pers.,  Nymphaea  kalmiana  Sims, 
Nttphar  kalmiana  Ait.  f.,  Nuphar  minima  Sm., 
Nenuphar  minumum  Link,  Nuphar  luteum  kal¬ 
miana  Torr.  &  Gray,  Nymphaea  microphylla 
(Pers.)  Robins  &  Fernald,  Nuphar  microphyllum 
(Pers.)  Fern.,  Nymphozanthus  microphyllus 
(Pers.)  Fern.,  Nuphar  microphyllum  f.  mul- 
tisepalum  O.  Lakela. 

Origin:  Eurasia  (Native  also  in  North  America) 
General  Distribution  in  North  America:  North¬ 
eastern  Minnesota  northward  into  Newfoundland 
and  southward  to  southern  New  Jersey 

lb.  N.  luteum  ssp.  variegatum  (Durand)  Beal 

Type  Description:  Engelm.  ex  Durand  in  Clin¬ 
ton,  19th  Annual  Report  of  the  Regents  of  The 
University  of  the  State  of  New  York  on  the  Con¬ 
dition  of  the  State  Cabinet  of  Natural  History,  p. 
73.  1866 

Synonyms:  Nymphaea  advena  Ait.  (in  part), 
Nuphar  advena  Ait.  f.,  Nenuphar  advena  Link, 
Nuphar  americana  Prov.  (in  part),  Nuphar  var¬ 
iegatum  Durand,  Nuphar  advena,  var.  var¬ 
iegatum  (Durand)  Gray,  Nymphaea  variegata 
(Durand)  Miller,  Nymphaea  americana  (Prov.) 
Miller  &  Standley,  Nymphozanthus  variegatus 
(Durand)  Fern.,  Nymphaea  advena  Soland, 
Nuphar  fraternum  (Miller  &  Standley)  Standley, 
Nuphar  advena  ssp.  variegatum  (Durand) 
Clausen 

Origin:  Northeastern  North  America 
General  Distribution:  New  Jersey  to  northeastern 
Pennsylvania,  northern  Ohio,  northern  Indiana, 
northern  Illinois,  Iowa,  Nebraska,  and  western 
Montana,  northward  to  the  Yukon,  Northwest 
Territories  (Great  Bear  &  Great  Slave  Lakes), 
northern  Alberta,  northern  Saskatchewan,  north¬ 
ern  Manitoba,  Quebec  (as  far  north  as  Hudson 
Bay)  and  Newfoundland 

lc.  N.  luteum  ssp.  macrophyllum  (Small)  Beal 

Type  Description:  Small,  Bull,  Torrey  Bot.  Club 
25:465-466.  1898 

Synonyms:  Nymphaea  lutea  sensu  Walter,  Nym¬ 
phaea  advena  Ait.  (in  part),  Nymphaea  advena 
sensu  Michx.,  Nymphaea  arifolia  Salisb.  in  Konig 
&  Sims,  Nuphar  advena  Ait.  f. ,  Nuphar  advena 
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Nuphar  luteum  (L.)  Sibth.  &  Smith.  The  three  subspecies  native  to  New  York  State  are  illustrated  above,  desig¬ 
nated  as  follows:  A-l,  ssp.  pumilum ;  A-2,  ssp.  variegatum;  A-3,  ssp.  macrophyllum.  Flowers  of  hybrid  inter¬ 
mediates  (“x  N.  ruhrodiscurri  )  between  the  two  varieties  at  the  left  are  also  shown  (F-4). 
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sensu  Pursh,  Nenuphar  advena  (Ait.)  Link,  Nuphar  advena  sensu  Walp.,  Nuphar  americana  Prov.  (in  part), 
Nymphaea  macrophylla  Small,  Nymphaea  fluviatilis  Harper,  Nymphaea  advena  ssp.  erythraea  Miller  & 
Standley,  Nymphaea  advena  ssp.  macrophylla  (Small)  Miller  &  Standley,  Nymphona  advena  (Soland)  Neiuw., 
Nymphozanthus  advena  (Ait.)  Fern.,  Nymphozanthus  advena  var.  macrophyllus  (Small)  Fern.,  Nymphozan¬ 
thus fluviatilis  (Harper)  Fern.,  Nuphar  fluviatile  (Harper)  Standley,  Nuphar  peteorum  Fern. 

Origin:  Eastern  United  States 

General  Distribution:  From  western  Cuba  to  northeastern  Mexico,  northward  to  Maine,  southern  Vermont, 
New  York,  southern  Ontario,  central  Michigan,  southern  Wisconsin,  Missouri,  southwestern  Nebraska,  east¬ 
ern  Oklahoma  and  eastern  Texas 

Note:  The  complete  and  more  accurate  author  citation  for  ssp.  variegatum  would  be  (Engelmann  ex  Durand  in 
Clinton)  Beal,  referring  to  the  extremely  confusing  situation  in  which:  1)  Clinton  was  the  valid  publisher,  though 
remaining  anonymous  2)  Durand  furnished  the  description,  as  quoted  by  Clinton  3)  Engelmann  was  the  first  to  use 
the  epithet,  but  was  said  by  Clinton  to  doubt  the  species  at  the  time.  We  have  employed  Recommendation  46D  of 
the  International  Code  in  choosing  Durand  to  be  retained  as  author  of  the  description  in  its  entirety. 


Nelumbonaceae  (Lotus  Family) 

This  is  a  monogeneric  group  of  primitive,  strictly  rhizomatous,  aquatic  plants,  consisting  of  three  species.  One, 
Nelumbo  lutea,  a  yellow-flowered  species,  is  native  to  eastern  North  America  and  extends  southward  to  Colombia; 
another  N .  nucifera,  is  native  to  the  warmer  parts  of  Asia  and  Australia  and  has  pink  flowers.  The  third  species  (if 
distinct)  is  native  to  the  West  Indies.  The  family,  on  both  morphological  and  immunological  grounds,  is  of  uncer¬ 
tain  relationship  to  other  families.  Authors  have  treated  Nelumbo  variously,  placing  it  in  the  body  of  Nym- 
phaeaceae  with  Cabomba  and  Brasenia,  or  placing  it  in  a  distinct  subfamily,  Nelumbonoideae;  still  others,  more 
recently,  are  consistently  separating  it  as  a  distinct  family  or  even  order.  The  bulk  of  evidence  from  the  literature 
places  its  relationships  away  from  the  Nymphaeceae,  closer  to  some  monocot  families.  Lotus  is  widely  cultivated  as 
an  aquatic  ornamental.  There  is  considerable  doubt  that  the  genus  Nelumbo  is  the  biblical  Lotus,  though  the  tub¬ 
ers  are  edible. 


FAMILY  DESCRIPTION 

Plants  have  large,  bisexual,  radially  symmetrical  flowers,  borne  above  water  level.  These  are  solitary  on  long,  stiff 
peduncles  which  arise  from  the  nodes  of  underwater  rhizomes.  Carpels  (9-39)  are  separate,  enclosed  in  round  pits 
at  the  upper,  flat  surface  of  a  spongy,  obconical  receptacle.  Each  short  style  is  tipped  with  a  small,  obconical 
stigma.  Stamens  are  free  (±200),  fairly  well  differentiated  into  long,  ventral  anthers  and  filaments  which  are 
basifixed  spirally  and  hypogenously.  Outer  stamens  exhibit  increased  sterile  tissue,  but  there  is  an  abrupt  transition 
from  stamens  to  petals.  Petals  are  numerous,  spirally  arranged,  early-deciduous,  grading  into  2-5  more  or  less 
persistent  sepals.  The  fruit  is  an  indehiscent  nut  with  a  hard  pericarp.  The  pendulous  ovule  is  anatropous.  The 
ovule  comes  to  fill  the  entire  pericarp  where,  in  seed,  the  embryo  is  enclosed  by  a  thin,  membranous  sheath 
(sometimes  interpreted  as  endospermous).  Endosperm  and  perisperm  are  absent.  A  ring  around  the  base  of  the 
green  plumule  becomes  2-lobed,  suggesting  the  presence  of  one  cotyledon  rather  than  two.  Leaves  of  the  plumule 
are  peltate,  closely  resembling  more  mature  leaves.  Seedlings  float  on  the  surface  of  the  water.  Rhizomes  are  1-2 
cm  thick,  but  produce  enlarged,  starchy  tubers  in  late  season.  Peltate  leaves  (3-6  dm  wide)  are  both  floating  and 
emergent,  borne  on  long  petioles  which  arise  from  nodes  of  rhizomes  as  do  adventitious  roots.  Fruits  are  nut-like, 
borne  in  the  enlarged  receptacle  which  is  woody,  obconical  and  flat-topped,  dropping  the  fruit  from  open  chambers 
in  its  surface.  The  peduncle  often  reflexes  just  below  the  fruiting  receptacle.  Vegetative  portions  of  the  plant  are 
without  vessels  (except  primary  xylem  of  roots)  and  vascular  bundles  are  scattered,  suggesting  monocotyledonous 
relationships. 
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1.  NELUMBO 


Common  Names:  Lotus,  Sacred  Bean 
Authority:  Adans,  Fam.  PL,  vol.  2,  p.  76,  1763 

These  plants  are  aquatic  herbs  of  circumboreal  distribution,  known  for  their  large,  peltate  leaves  and  edible  fruits 
and  tubers.  There  are  three  species,  one  of  which  is  known  to  have  persisted  after  escape  from  cultivation  in  New 
York  State. 


1.  Nelumbo  lutea  (Willd.)  Pers. 

Common  Names:  Lotus,  Wankapin,  American  Lotus, 
Duck-acom,  Yanquapin,  Water  Chinquapin,  Lotus- 
lily,  Water-nut,  Can-dock,  Yellow  Nelumbo 
Type  Description:  Persoon,  Syn.  vol.  1,  p.  95,  1805 
Synonyms:  Nelumbium  luteum  Willd.,  Nymphaea  pen- 
tapetala  Walt.,  Cyanus  hiteus  Nutt.,  Nelumbo  pen- 
tapetala  (Walt.)  Fern. 

Origin:  Eastern  North  America 

Habitats:  Ponds,  lakes,  slow  streams,  estuaries,  artifi¬ 
cial  impoundments  and  sloughs 
Habit:  A  large,  perennial,  aquatic  herb  with  floating 
and  emergent  leaves 
Flowering:  July-September 
Fruiting:  September-November 

General  Distribution:  Florida  to  Texas  and  northward 
inland  to  Iowa,  Minnesota  and  southern  Ontario: 
adventive  in  New  York;  coastal  populations  to  New 
England 
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Description:  Plants  with  bisexual  flowers;  stigmas  1  per  carpel,  small,  obconical,  each  borne  at  the  tip  of  a  short 
style;  ovaries  numerous  (9-39),  unicarpellate,  free,  obconical,  each  borne  in  a  pit  in  the  receptacle  and  basally 
attached;  ovule  1  per  ovary,  anatropous,  pendulous,  becoming  a  seed  which  fills  the  indehiscent  fruit;  embryo 
completely  filling  the  pericarp,  but  surrounded  by  a  thin  membranous  sheath;  endosperm  lacking;  perisperm  lack¬ 
ing;  cotyledons  consisting  of  two  lobes,  developing  from  a  ring  at  the  base  of  the  plumule  (suggesting  a  single, 
fused  structure);  plumule  leaves  peltate,  grading  only  in  size  into  mature  leaves;  fruit  in  an  aggregate  of  indehis¬ 
cent  nutlets,  0.8- 1.5  cm  long,  borne  in  pits  in  a  woody  receptacle;  receptacle  obconic,  with  a  flat,  truncated  sum¬ 
mit,  6-12  cm  in  diameter,  erect  to  reflexed-pendulous  at  maturity;  pits  in  the  receptacle  expanding  to  release 
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many  of  the  fruit  by  late  fall;  stamens  numerous  (±200),  spirally  attached,  fairly  well  differentiated  into  slender 
filaments  and  elongate,  antrorse  anther  sacs,  each  tipped  with  a  slender,  hooked  appendage;  perianth  radially 
symmetrical  up  to  25  cm  in  diameter,  poorly  differentiated  into  calyx  and  corolla;  petals  20  or  more,  4-12  cm  long, 
2-6  cm  broad,  lanceolate  to  linear  with  rounded  to  obtuse  tips,  yellow  and  early  deciduous  (2-3  days);  calyx  of  2-5 
lobes,  green  to  yellowish,  more  persistent  than  petals  but  otherwise  similar;  flowers  borne  singly  on  long  pedun¬ 
cles;  bracts  absent;  peduncles  glabrous,  tough,  erect,  holding  the  flower  above  the  water  surface,  often  reflexed  at 
the  tip  in  fruit,  arising  from  the  nodes  of  underwater  rhizomes;  leaves  orbicular,  centrally  peltate,  glabrous,  leath¬ 
ery,  waxy,  shedding  water  readily,  20-50  (70)  cm  broad,  floating  or  elevated  on  the  stiff  petioles  up  to  1  m  above 
the  water  surface;  petioles  arising  from  the  nodes  of  the  rhizomes  which  lie  buried  horizontally  in  mud;  rhizome 
1-2  cm  thick,  producing  large,  starchy  tubers  in  the  fall.  (2n  =  16). 

Importance:  American  Indians  utilized  the  tubers  as  a  source  of  starchy  food.  The  leaf  stalks  and  young  leaves  were 
cooked  as  a  vegetable.  Seeds,  eaten  before  the  seed  coat  hardens,  have  a  chestnut-like  flavor.  At  later  stages,  the 
embryo  of  the  ripe  seeds  may  be  removed  from  the  hard  fruit  coat,  cooked  and  ground  for  breadstuff.  The  seeds 
show  remarkable  powers  of  longevity  and  dormancy,  and  may  be  stored  indefinitely.  The  woody  fruiting  recepta¬ 
cles  are  often  sold  for  use  in  dried  arrangements,  and  are  unusual  and  attractive.  These  “pods”  have  been  used  by 
native  American  shamans  as  rattles  in  ritual  healing  practices.  Nelumbo  species  (both  yellow  and  pink  flowered)  are 
often  cultivated  in  ponds,  especially  farther  south. 


Cabombaceae  (Water-Shield  Family) 

A  family  of  two  genera  of  strictly  aquatic  plants,  variously  treated  in  the  past;  1)  as  an  integral  part  of  the  Nym- 
phaeaceae,  2)  a  distinct  subfamily,  Cabomboidae,  within  Nymphaeaceae,  or  3)  as  a  distinct  family,  with  perhaps 
closer  relationships  to  the  Ceratophyllaceae  or  Ranunculaceae.  Brasenia  is  monotvpic  and  cosmopolitan,  except  for 
Europe;  Cabomba,  with  about  six  species  in  warmer  parts  of  the  world,  has  only  one  species  which  reaches  our 
area. 

FAMILY  DESCRIPTION 

Plants  have  small,  bisexual  flowers  which  are  radially  symmetrical  and  axillary  on  an  elongate,  cauline  axis  which 
arises  from  a  submerged  rhizome.  The  gynoecium  is  multi-carpellate,  consisting  of  3-18  free  ovaries.  The  stamens 
are  hypogenous,  (3)  6-36,  anther  sacs  dorsal  or  ventral.  The  perianth  is  biseriate,  consisting  of  3  (rarely  4)  petals 
and  3  (4)  sepals.  The  fruit  is  an  indehiscent  pod,  containing  (1)  2-3  pendulous  seeds,  each  with  a  small  amount  of 
endosperm  and  copious  perisperm.  Both  genera  produce  spirally  arranged,  floating,  peltate  leaves,  but  Cabomba  is 
dimorphic,  producing  primarily  capillary-dissected,  submerged  leaves,  with  the  tiny,  floating,  peltate  leaves  only 
near  the  branch  tips  subtending  the  flowers.  Both  genera  produce  a  milky  latex  and  secrete  a  mucilaginous  cover¬ 
ing,  but  this  is  much  more  pronounced  in  Brasenia. 

KEY  TO  GENERA 

1.  Leaves  mostly  submerged,  capillary-dissected,  fan-shaped  with  few,  small,  peltate,  floating  leaves;  stamens  3-6 

in  creamy-white  flowers . . . . . . . 1.  Cabomba  (p.  31) 

1.  Leaves  uniformly  peltate,  elliptic,  almost  all  floating;  stamens  12-36,  in  dull,  purplish  flowers . 

. . . . . . . . . . . . 2.  Brasenia  (p.  33) 


1.  CABOMBA 

Common  Names:  Fanwort,  Carolina  Water-shield,  Fish-grass,  Washington-plant,  Cabomba 
Authority:  Aublet,  Pi.  Gui.  I.  321.  t.  124,  1775 

A  genus  of  almost  wholly  submerged  aquatics,  with  about  6  species  in  the  warmer  parts  of  the  Western  Hemi¬ 
sphere.  One  species  occurs  in  New  York  State  as  an  escape  after  the  dumping  of  aquaria. 
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1.  Cabomba  caroliniana  Gray 

Common  Names:  Fanwort,  Carolina  Water-shield 

Type  Description:  Gray,  Ann.  Lvc.  N.Y.,  vol.  4,  p. 
47,  1837 

Synonyms:  Cabomba  aubleti  Michx.  (in  part),  C. 
aquatica  DC.  not  Aubl.,  C.  viridiflora  Hort. 

Origin:  Eastern  North  America 

Habitats:  Ponds,  lakes,  sloughs,  swamps  and  quiet 
streams 

Habit:  Attached,  submerged  aquatic,  with  a  few  float¬ 
ing  leaves  and  emergent  flowers 

Flowering:  May-September 

Fruiting:  July-November 

General  Distribution:  Florida  to  Texas,  north  to  Mary¬ 
land  and  Virginia  (escaping  northward  to  New  Eng¬ 
land) 


Description:  Plants  with  bisexual  flowers;  stigmas  1  per  carpel,  small,  each  terminating  in  a  short  style;  ovaries  3 
(2-4)  per  flower,  each  of  a  single  carpel,  free,  each  carpel  becoming  an  indehiscent  pod  in  fruit;  ovules  1-3  per 
carpel,  attached  to  the  dorsal  suture,  becoming  pendulous  seeds  and  finally  enclosed  tightly  by  the  pod;  endo¬ 
sperm  and  copious  perisperm  present;  stamens  (3)  6,  hypogenous,  the  short  anther  sacs  extrorse;  perianth  radially 
symmetrical,  0.9-1. 5  cm  in  length  with  separate  petals  and  sepals  in  two  whorls  of  3  (rarely  4);  petals  white  to 
cream,  short-clawed,  one  with  two  yellow-spotted,  auriculate  lobes  at  the  base;  sepals  creamy-greenish  to  rose- 
tinged,  unlobed;  flowers  borne  singly,  emergent,  on  slender  peduncles  from  the  axils  of  small,  floating  leaves,  float¬ 
ing  leaves  few,  alternate,  peltate,  linear-elliptic,  1. 1-2.1  cm  in  length,  entire  to  irregular  or  constricted  near  the 
petiole  connection,  often  bifid  at  one  end,  also  slightly  pubescent  beneath  with  a  slight  mucilaginous  coating, 
petioled;  submersed  leaves  opposite  or  whorled,  capillary,  fan-shaped,  palmately  dissected  into  linear-filiform, 
often  diehotomouslv  branching  segments,  up  to  6  cm  broad,  subsessile  or  on  petioles  to  2  cm  in  length;  stipules 
absent;  nodes  and  internodes  delicate,  but  tough,  not  fragmenting  easily;  stems  (as  well  as  leaves)  often  reddish, 
plants  becoming  up  to  2.5  m  long  from  a  congested,  fibrous  root  system  in  the  substrate.  (2n  —  24). 

Importance:  Plants  are  eaten  by  waterfowl  and  rough  fish,  and  provide  excellent  cover  for  minnows.  They  are  used 
as  substrate  by  microflora  and  browsing  microfauna,  and  dense  bed  of  the  plants  tend  to  be  rich  in  associated 
plankton.  In  southern  regions  the  plants  may  become  a  nuisance  to  small  boat  traffic.  They  speed  the  eutrophica¬ 
tion  process  in  shallow  lakes.  This  species  is  used  as  a  decorative  ornamental  in  aquaria  and  frequently  escapes. 
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2.  BRASENIA 


Common  Name:  Water-shield 

Authority:  Sehreber,  Gen.  Pi.  vol.  1,  p.  372,  1789 

A  monotypic  genus  of  strictly  aquatic,  herbaceous  plants  with  almost  cosmopolitan  distribution. 


1.  Brasenia  schreberi  Gmel, 

Common  Names:  Water-shield,  Purple  Wen-doek, 
Dollar-bonnet 

Type  Description:  Gmelin,  Syst.  Veg.  I,  p.  853,  1796 
Synonyms:  Menyanthes  nymphoides  Thunb.,  Hy- 
dropeltis  purpurea  Michx.,  Brasenia  peltata  Pursh, 
Brasenia  purpurea  (Michx.)  Casp. 

Origin:  Ancient  and  uncertain 

Habitats:  Lakes,  ponds,  ditches  and  other  still  waters 
Habit:  Floating-leaved  aquatic;  stems  usually  attached 
Flowering:  June-September  (October) 

Fruiting:  July-November 

General  Distribution:  Erratic-cosmopolitan  (absent  in 
Europe) 


Description:  Plants  with  bisexual  flowers;  stigmas  1  per  carpel,  linear,  each  borne  laterally  on  a  fleshy  style; 
ovaries  4-10  (18),  free,  each  of  a  single  carpel,  becoming  a  clavate,  coriaceous,  indehiscent  pod  in  fruit;  ovules  2 
(1-3)  per  carpel,  pendulous  from  the  dorsal  suture,  becoming  orbicular  seeds,  2-3  mm  long,  with  endosperm  and 
copious  perisperm;  stamens  hypogenous,  12-20  (36),  with  slightly  introrse  anther  sacs,  purplish-red;  perianth  ra¬ 
dially  symmetrical,  in  two  whorls,  1-1.8  cm  broad;  petals  3  (4),  dull  red-purple,  ovate-lanceolate,  0.6-1. 5  cm  long; 
sepals  similar  to  the  petals;  flowers  solitary  on  axillary  peduncles;  leaves  alternate,  centrally  peltate,  broadly  oval  to 
suborbicular,  entire,  shiny  green  to  reddish  above,  red-purple  and  coated  with  mucilage  below  at  maturity,  4-9  cm 
long;  peduncles  slender,  purplish,  also  coated  with  the  mucilaginous  substance,  as  are  the  stems;  stems  are  much- 
branched  and  attached  (though  they  may  break  free  and  survive)  to  a  slender,  creeping  rootstock.  (2n  =  80). 

Importance:  The  tuberous  roots  are  reportedly  eaten  as  food  by  Indians  in  the  western  United  States,  and  the 
young  leaves  and  petioles  (prior  to  extensive  mucilage  formation)  are  eaten  by  the  Japanese  in  salads. 
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Ceratophyllaceae  (Hornwort  Family) 

Members  of  this  group  are  highly  specialized  vegetatively  to  live  as  submerged  aquatics.  Their  flower  structure, 
however,  is  relatively  primitive,  placing  the  family  in  Nymphaeales.  The  position  and  relationships  of  the  family 
remain  in  doubt.  The  single  genus,  Ceratophyllum,  has  five  species,  two  of  which  occur  in  New  York  State.  They 
are  of  ecological  importance  to  fish  and  waterfowl,  and  are  sometimes  grown  as  aquarium  plants. 

FAMILY  DESCRIPTION 

Perennial,  submerged  aquatics,  forming  floating  mats  of  stolons  and  rhizomes,  not  rooted.  Leaves  are  whorled  on 
the  stems  and  are  coarsely  to  finely  dichotomously  dissected,  with  very  short  petioles  (or  sessile)  and  no  stipules. 
Blades  are  of  linear  to  filiform  branching  segments  with  serrulate  to  ciliate  margins,  or  entire.  Vegetation  feels 
rough  to  the  touch  by  comparison  with  most  other  submerged  angiosperms.  Plants  are  monoecious.  Flowers  are 
minute,  regularly  symmetrical,  borne  singly  at  the  nodes.  The  perianth  (sometimes  called  involucre)  is  of  a  single 
series,  the  10-16  lobes  fused  at  the  base  into  a  shallow  cup.  Stamens  are  erect  with  short,  fleshy  filaments,  each 
with  a  broad  connective  which  projects  beyond  the  2  anther  sacs  into  2  (3)  lobes.  Stamens  8-22,  crowded,  about 
equaling  the  perianth  lobes  of  the  male  flowers,  deciduous  prior  to  anthesis.  Carpels  are  1  per  female  flower,  ex- 
serted,  with  a  long,  persistent  style,  1-locular  with  a  single,  laminar,  pendulous  ovule.  The  fruit  is  a  single-seeded, 
nut-like  achene  with  horn-like  spines.  The  embryo  is  large,  and  endosperm  is  absent. 


1.  CERATOPHYLLUM 
Common  Names:  Hornwort,  Coon  tail,  Cornifle 
Authority:  Linnaeus,  Species  Pi.,  p.  992,  1753 

A  circumboreal  genus  of  submerged  aquatic  plants.  Two  species  are  found  in  New  York  State  in  lakes,  streams  and 
backwaters. 


KEY  TO  SPECIES  OF  CERATOPHYLLUM 

1.  Terminal  leaf  branches  often  free  of  teeth,  capillary;  fruit  warty,  with  more  than  2  (4-15)  lateral  and  basal 

spines,  their  bases  confluent  along  a  narrow  ridge . . . . . .  1.  Ceratophyllum  echinatum  (p.  35) 

1.  Terminal  leaf  branches  mostly  toothed,  linear  to  subcapillary;  rarely  fruiting;  fruit  smooth  to  slightly  warty, 
basal  spines  2  only . . . . . . . ........2.  Ceratophyllum  demersum  (p.  36) 
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1.  Ceratophyllum  echinatum  Gray 

Common  Names:  Homwort,  Coontail,  Hornweed 
Type  Description:  Gray,  Ann.  N.Y.  Lyc.  vol.  4,  1837 
Synonym:  C.  demersum  L.  var.  echinatum  Gray 
Origin:  Eastern  North  America 

Habitats:  A  variety  of  aquatic  habitats  in  still  or 
slow-moving  waters,  and  often  deep 
Habit:  Submerged  aquatic,  much-branched  and  root¬ 
less 

Flowering:  Julv-August 
Fruiting:  Julv-September 

General  Distribution:  Maine  and  southwestern 
Quebec  to  Minnesota,  south  to  Florida,  Texas  and 
Mexico 


Description:  Plants  monoecious;  stigma  1,  style  1,  filiform,  equaling  the  ovary  in  length,  persistent  and  spine-like 
in  fruit;  ovary  1  per  female  flower,  becoming  warty,  oblong  achene  3-4  mm  long,  with  4-10  (15)  hooked,  basal 
and  lateral  spines;  ovule  pendulous,  becoming  a  single  seed  with  a  large  embryo  and  no  endosperm;  perianth 
(“involucre”)  of  10-16  lobes  which  are  strap-like,  serrulate  and  ciliate  near  the  tips,  ca.  0.5  mm  long,  elongating 
somewhat  and  persistent  at  the  fruit  base;  male  flowers  with  10-20  deciduous  stamens;  anther  sacs  2;  filaments 
fleshy,  prolonged  above  the  anther  sacs  into  2  (3)  hood-like  floats;  peduncles  very  short;  flowers  minute,  solitary, 
axillary;  leaves  whorled,  3-8  per  node,  1.8-2. 7  cm  long,  dicohotomously  or  trichotomously  dissected  (usually  2-3 
times  per  leaf),  the  basal  segments  often  flattened,  linear,  with  capillary  to  subcapillary  terminal  segments,  margins 
entire  or  minutely  serrulate-ciliate;  stipules  absent;  nodes  slightly  swollen;  internodes  very  short  near  branch  tips, 
to  6  cm  when  fully  elongated;  stems  lax,  submerged,  with  numerous  lateral  branches;  seedling  with  two,  large, 
linear,  cotyledons,  cleft  leaves  and  no  radicle;  roots  totally  absent. 

Infraspecific  Variation:  Vegetatively  the  plants  vary  in  the  presence  or  absence  of  tiny  spines  on  leaf  segments,  and 
in  the  relative  capillarity  of  terminal  segments.  Fruit  spines  also  vary  in  number. 

Importance:  The  achenes  and  sometimes  vegetative  parts  are  eaten  by  waterfowl. 
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2.  Ceratophyllum  deinersum  L. 

Common  Names:  Coontail,  Hornwort,  Hornweed, 
Comifle  (Quebec) 

Type  Description:  Linnaeus,  Species  Pi.,  p.  992,  1753 

Synonym:  C.  muricatum  Cham. 

Origin:  Uncertain 

Habitats:  Lakes,  ponds,  slow-moving  streams  and  river 
backwaters,  often  in  relatively  shallow  water 

Habit:  Submerged  aquatic,  much  branched,  rootless, 
forming  coarse,  dense  mats 

Flowering:  (June)  July- August 

Fruiting:  July-October 

General  Distribution:  Circumboreal,  found  widely 
throughout  North  America 


Description:  Plants  monoecious;  stigma  1,  style  1,  filiform,  equaling  the  ovary  in  length,  persistent  and  spine-like 
in  fruit;  ovary  1  per  (female)  flower,  becoming  a  smooth  to  slightly  warty  oblong  achene,  3-4  mm  long  with  2  stiff 
basal  spines;  ovule  pendulous,  becoming  a  single  seed  with  large  embryo  and  no  endosperm;  perianth  ( “in¬ 
volucre”)  of  10-15  lobes  which  are  strap-like,  with  dentate  tips,  slightly  fused  at  the  base,  ca.  0.5  mm,  elongating 
somewhat  and  persistent  in  fruit;  male  flowers  with  8-20  deciduous  stamens;  filaments  fleshy,  prolonged  above  the 
2  anther  sacs  into  2  (3)  corona-like  floats;  peduncles  very  short;  flowers  minute,  solitary,  axillary;  leaves  whorled 
3-8  (10)  per  node,  0.9-2. 5  cm  long,  dichotomously  (trichotomously)  branched  and  dissected,  the  segments  linear, 
usually  flattened,  with  minute  to  substantial  teeth  along  one  side  (rarely  on  both  sides  or  absent  from  some  leaves); 
stipules  absent;  leaves  virtually  sessile;  nodes  slightly  swollen;  internodes  3  mm  to  5  cm  long,  gradually  increasing 
away  from  the  apex;  stems  lax  to  springy  in  texture  (rough  to  the  touch),  very  dense,  small  lateral  buds  (hiber- 
nacula)  become  dormant  and  starch-rich,  falling  to  the  bottom  and  overwintering;  seedlings  have  two,  large,  linear, 
cotyledons  and  unbranched  first  leaves  with  no  radicle  or  other  sign  of  roots. 

Infraspecific  Variation:  Leaves  vary  in  length,  shape  and  marginal  teeth,  often  on  the  same  individual. 

Importance:  Ceratophyllum  is  one  of  the  major  food  sources  of  waterfowl,  which  not  only  eat  the  fruit  and  foliage, 
but  seek  out  the  starchy,  dormant  buds  in  the  fall.  The  plants  may  also  provide  breeding  grounds  and  hiding  places 
for  small  fish.  They  are  important  ecologically  in  crowding  out  other  plant  species,  changing  light  conditions  where 
they  form  dense  mats  and  serving  as  a  substrate  for  microscopic  animals  and  plants.  They  are  frequently  found  in 
close  association  with  green  algae,  and  serve  with  them  to  oxygenate  the  aquatic  habitats  in  which  they  occur. 
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APPENDIX  I 


FUNGI  ASSOCIATED  WITH  PLANT  SPECIES  IN  THIS  TREATMENT 

To  he  included  on  this  list,  a  fungus  must  occur  on  a  species  in  this  treatment  somewhere  in  the  United  States.  If 
a  fungus  occurs  in  New  York  State  and  has  not  as  yet  been  recorded  on  a  host  covered  in  this  treatment,  hut  has 
been  collected  on  such  a  host  in  some  other  state,  it  is  marked  with  a  single  asterisk  (*). 

Abbreviations  of  states  indicate  a  literature  citation  for  each.  Double  asterisks  (**)  indicate  that  a  herbarium 
specimen  with  New  York  State  host  information  has  been  seen. 

CHYTRIDIALES 

Physoderma  sp.,  Leaf  Gall  on  Saururus  cernuus  (Va.) 

Synchytrium  asari  Arth.  &  Holw.,  on  leaves  and  petioles  of  Asarum  canadense  (Minn.,  Wise.) 

PERONOSPORALES 

Pythium  marsipium  Drechs.,  Leaf  and  stem  rot  of  Nymphaea  odorata  (Mass.,  N.  Y. ,  Wise.) 

Pythium  proliferum  deBary,  Leaf  and  stem  rot  of  Nymphaea  odorata  (Mass.,  N.  Y.,  Wise.) 

Pythium  undulatum  Peterson,  Leaf  and  stem  rot  of  Nymphaea  odorata  (Mass.,  N.  Y.,  Wise.) 

Pythium  sp.,  on  Nymphaea  odorata  (Wise.) 


MUCORALES 

Endogone  fa  scicul  at  a  Thaxt.,  mycorrhizal  with  IJriodendron  tulipifera 

Endogone  gigantea  Nicolson  &  Gerdemann,  mycorrhizal  with  Liriodendron  tulipifera  (Ind.,  S.  Dak.) 

ENTOMOPHTHORALES 

Acaulopage  dichotoma  Drechs.,  in  decaying  leaves  of  Nymphaea  odorata  capturing  and  consuming  amoebae  (Wise.) 

ERYSIPHALES 

Erysiphe  polygoni  DC.,  *Powdery  mildew  on  Liriodendron  tulipifera  (widespread) 

Microsphaera  alni  DC.  ex  Wint.,  Powdery  mildew  on  Magnolia  acuminata 

Phyllactinia  corylea  Pers.  ex  P.  Karst.  Powdery  mildew  on  Liriodendron  tidipifera  (N.  Y.  to  Ala.  and  Mo.),  on 
Magnolia  acuminata  (Ohio,  Pa.),  and  on  Sassafras  albidum  (Mich.) 

MELIOLALES 

Irene  araliae  Spreng.  ex  Syd.,  Black  mildew  on  Magnolia  virginiana  (Miss.) 

Irene  perseae  (F.  L.  Stev.)  Toro,  Black  mildew  on  Persea  borhonia  (Ala.,  Fla.,  Miss.) 

Meliola  amphitricha  Fr.,  Black  mildew  on  Persea  borbonia  (Fla.,  Mich.) 

Meliola  magnoliae  F.  L.  Stev.,  on  Magnolia  virginiana  (Ga.) 

HYPOCREALES 

Hypocrea  minima  Sacc.  &  Ellis,  on  Magnolia  bark  (N.J.) 

Hypocrea  olivacea  Cook  &  Ellis  (H.  melaleuca  Ellis  &  Everh.),  bark  of  Sassafras  albidum  (N.  J.)  known  only  from 
the  type  locality 

Hyponectria  magnoliae  (Schw.)  Barr,  on  dead  leaves  of  Magnolia  virginiana  (N.  J.) 

Nectria  aureo-fulva  Cooke  &  Ellis,  on  Magnolia  sp.  (N.  J.) 

Nectria  cinnabarina  (Tode  ex  Fr.)  Fr.,  *  on  twigs  of  Asimina  triloba  (W.  Va.),  on  twigs  of  Calycanthus  floridus 
(Md.) 

Nectria  coccinea  (Pers.  ex  Fr.)  Fr.,  *  on  bark  of  various  trees  including  Magnolia  (Vt.  to  W.  Va.,  N.  Dak.) 

Nectria  magnoliae  Lohman  &  Hepting,  on  bark  and  branches  of  Liriodendron  tulipifera  (Conn,  to  N.  C.,  Ohio, 
Tenn.,  W.  Va.) 
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Nectria  ochroleuca  (Schw.)  Berk.  (=  N.  conigena  Ellis  &  Everh.),  on  bark  of  various  trees  including  Liriodendron 
tulipifera,  Lindera  benzoin,  and  Magnolia  spp.  (N.  Y.,  Ohio  to  Mo.  and  La.) 

Nectria  pallidula  Cooke  [=  Cucurbitaria  pallidula  (Cooke)  O.  Kuntze],  on  Lindera  benzoin  (Pa.,  Tenn.) 

Nectria  verrucosa  Sacc.,  on  Sassafras  albidum  (Ala.,  Conn.,  Del.,  N.  J.,  N.  Dak.,  Pa.,  S.  C.) 

Nectria  sp.,  canker  on  Liriodendron  tulipifera  (W.  Va.  to  N.  C.  and  Tenn.) 

Nectria  sp.,  canker  on  Magnolia  acuminata  (W.  Va.) 

Nectria  sp.,  (?  N.  galligena  Bres.)  Branch  and  trunk  canker  of  Sassafras  albidum  (Conn,  to  W.  Va.) 

SPHAERIALES 

Acanthostigma  berenice  (Berk.  &  Curtis)  Sacc.,  on  Magnolia  virginiana  (Fla.) 

Anisogramma  sp.  (=  Apioporthe  corni  Wehm.,  illegitimate  name),  on  dead  twigs  on  Sassafras  albidum  (Pa.) 

Anthostomella  sp.,  on  Liriodendron  tulipifera  (Ga.) 

Calospora  sp.,  *  on  Liriodendron  tidipifera  (Ga.) 

Camarops  polyspermum  (Mont.)  Mill.,  on  Liriodendron  tulipifera  (Ga.) 

Camarops  pugillus  (Schw.)  Shear,  on  Liriodendron  tulipifera  (Va.) 

Ceratostomella  multiannulata  Hedge.  &  Davidson,  Blue  wood  stain  of  Liriodendron  tulipifera  (Va.  to  Gulf  States) 

Ceratostomella  pluriannulata  Hedge.,  Blue  wood  stain  of  Liriodendron  tulipifera  (Va.  to  Gulf  States) 

Cryptovalsa  sassafras  (Ellis  &  Everh.)  Berl.  (=  Diatrypella  sassafras  Ellis  &  Everh.),  on  branches  of  Sassafras 
albidum  (N.  J.) 

Cucurbitaria  congesta  Cooke  &  Ellis,  on  Magnolia  (N.  J.) 

Daldinia  concentrica  (Bolt,  ex  Fr.)  Ces.  &  DeNot.  [=  D.  vernicosa  (Schw.)  Ces.],  Wood  rot  of  Liriodendron 
tulipifera  and  Sassafras  albidum  (Ga.,  Va.) 

Diaporthe  biglobosa  (Cooke  &  Ellis)  Sacc.  (=  Sphaeria  biglobosa  Cooke  &  Ellis),  on  branches  of  Sassafras  albidum 

(N.  J-) 

Diaporthe  binoculata  (Ellis)  Sacc.  (=  Valsa  binoculata  Ellis),  on  dead  branches  on  Magnolia  virginiana  (N.C., 
N.  J.,  N.  Y.  **) 

Diaporthe  eres  Nits.  *  (=  D.  magnoliae  Ellis  &  Everh.),  on  dead  branches  of  Liriodendron  tulipifera  (Md.),  on 
dead  branches  of  Magnolia  acuminata  (Ga.) 

Diaporthe  pardalota  (Mont.)  Fuekel  (=  D.  sassafras  Dearn.  &  House),  on  Sassafras  albidum  (N.  Y.  **) 

Diaporthe  sociata  (Cooke  &  Ellis)  Sacc.  (=  Valsa  sociata  Cooke  &  Ellis),  on  Lindera  benzoin  (Mass.,  Md.,  N.  Y. 
**,  W.  Va.) 

Endoconidiophora  virescens  Davidson  ( Ceratocystis  sp.  ?),  Sapstreak,  Blue  wood  stain  of  Liriodendron  tulipifera 
and  Magnolia  (Va.  to  Gulf  States) 

Eriosphaeria  alligata  (Fr.)  Sacc.,  on  decaying  Sassafras  albidum  trunk  (N.  Y.  **) 

Eutypella  glandulosa  Cooke,  on  Sassafras  albidum  (N.Y.) 

Eutypella  linderae  (Peck)  Berlese  (=  Valsa  linderae  Peck),  on  dead  branches  of  Lindera  benzoin  (Ind.,  N.  J.,  N.  Y. 
**,  Ohio) 

Fenestella  sp.,  on  Magnolia  virginiana  (N.  J.) 

Glomerella  cinqulata  (Ston.)  Spauld.  &  Schrenk  (—  Gloeosporium  fructigenum  Berk.),  on  twigs  and  fruits  of  Lin¬ 
dera  benzoin  (N.  J.),  on  Sassafras  albidum  (Tex.) 

Griphosphaeria  corticola  (Fuekel)  Hohn.,  on  branches  of  Sassafras  albidum  (N.  J.) 

Hypoxylon  hypophlaeum  (Berk.  &  Rav.)  J.  H.  Miller,  on  Liriodendron  tulipifera  and  Magnolia  virginiana  (Ga.) 

Hypoxylon  microplacum  (Berk.  &  Curtis)  J.  H.  Miller  [=  Diatrype  microplaca  Berk.  &  Curtis,  Nummularia  mi- 
croplaca  (Berk.  &  Curtis)  Cooke,  Nummularia  gracilenta  Sydow,  and  Nummularia  scutata  Berk.  &  Cooke],  on 
dead  wood  of  Magnolia  virginiana  (Ga.,  N.  C.),  and  on  dead  branches  of  Sassafras  albidum  (N.  Y.  **,  Md.  to 
Ala.  and  Ga.,  Ind.) 

Hypoxylon  occidentale  Ellis  &  Everh.  ex  P.  Martin,  on  Liriodendron  tulipifera  (Ohio) 

Hypoxylon  sassafras  (Schw.  ex  Fr.)  Berk.,  on  Lindera  benzoin  (N.  Y.  **,  Md.),  on  Liriodendron  tulipifera  (N.  Y. 
**),  and  on  Sassafras  albidum  (N.Y.  **  to  Ga.  and  Mo.) 

Hypoxylon  sp.,  on  Persea  borbonia  (Ga.) 

Hypoxylon  sp..  Wood  rot  of  Liriodendron  tulipifera  (Ga.) 

Lasiosphaeria  ovina  (Pers.  ex  Fr.)  Ces.  &  DeNot.,  *  on  Liriodendron  tulipifera  (Ga.) 

Lasiosphaeria  pezizula  (Berk.  &  Curtis)  Sacc.,  Wood  stain  in  Liriodendron  tulipifera  (S.  C.) 
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Lasiosphaeria  strigosa  (Alb.  &  Schw.  ex  Fr.)  Sacc.,  on  Liriodendron  tidipifera  (Ga.) 

Metasphaeria  sassafrasicola  Tehon  &  Stout,  on  leaves  of  Sassafras  albidum  (Ill.) 

Nummularia  discincola  (Schw.)  Cooke,  on  Magnolia  (Eastern  U.S.  and  Canada) 

Phyllachora  perseae  Hodges,  on  Persea  borbonia  (S.  C.) 

Plagiostoina  magnoliae  (Ellis)  Barr  (=  Gnomonia  magnoliae  Ellis),  on  fallen  leaves  of  Magnolia  virginiana  (Md., 
N.  J.,  Ga.) 

Pleuroceras  sassafras  (Ellis  &  Everh.)  Barr  (=  Gnomonia  sassafras  Ellis  &  Everh.),  on  leaves  of  Sassafras  albidum 
(N.  J.,  Ohio) 

Pseudomassaria  carolinensis  Barr  &  Hodges,  on  Persea  borbonia  (S.  C.) 

Valsa  ambiens  (Pers.  ex  Fr.)  Fr.,  *  on  dead  twigs  of  Asimina  triloba  (Va.,  W.  Va.),  on  branches  of  Magnolia 
acuminata  (N.  Y.  **) 

Valsaria  nigrofacta  (Cooke  &  Ellis)  Sacc.  ( Valsa  nigrofacta  Cooke  &  Ellis),  on  Sassafras  albidum  (N.  J.) 

PHACIDIALES 

Lophodermium  punctiforme  (Fr.)  Fuckel,  on  Liriodendron  tulipifera  (Ga.) 

Rhymsma  liriodendri  Wallr.,  Black  leaf  spot  on  Liriodendron  tulipifera  (Calif.,  Tex.) 

HELOTIALES 

Angelina  rufescens  (Schw.  ex  Fr.)  Duby,  *  on  Liriodendron  tidipifera  (Ga.) 

Chlorociboria  aeruginosum  (Pers.  per  Fr.)  Seaver  ex  Ram.,  Korf,  &  Bat,  Green  wood  stain  on  rotting  Liriodendron 
tidipifera  wood  (Northern  hemisphere,  N.  Y.  **) 

Patellariopsis  clavispora  (Berk.  &  Br.)  Dennis  (=  Patellaria  ?),  on  scale  insects  on  Liriodendron  tulipifera  (Ga.) 

Pezizella  oenotherae  (Cooke  &  Ellis)  Sacc.  [=  Sclerotiopsis  concava  (Desm.)  Shear  &  Dodge],  on  Liriodendron 
tulipifera  (Ga.),  on  branches  of  Magnolia  acuminata  (N.  C.) 

Sclerotinia  gracilipes  (Cooke)  Sacc.,  on  flower  parts,  Petal  rot  of  Magnolia  virginiana  (Md.,  N.J.) 

Whetzelinia  sclerotiorum  (Lib.)  Korf  &  Dumont,  Rhizome  rot  of  As  arum  canadense  (N.  Y.) 

MYRIANGIALES 

Myriangium  duriaei  Mont.  &  Berk.,  on  Magnolia  virginiana 

PLEOSPO  RALES 

Botryosphaeria  calycanthi  (Schw.)  Sacc.,  on  twigs  of  Calycanthus  floridus  (N.  C.,  Va.) 

Botryosphaeria  ribis  Gross.  &  Dug.,  *  on  branches  of  Liriodendron  tulipifera  (Fla.,  Ga.,  Pa.) 

Botryosphaeria  ribis  var.  achromogena  Gross.  &  Dug.,  Canker  on  Lindera  benzoin  (Md.),  on  branches  of 
Liriodendron  tulipifera  (Fla.,  Ga.,  Pa.) 

Didymosphaeria  magnoliae  J.  H.  Miller  &  G.  E.  Thompson,  on  dead  leaves  on  Magnolia  virginiana  (Ga.) 

Guignardia  magnoliae  (Schw.)  J.  H.  Miller  [  =  Sphaeria  magnoliae  Schw.,  Sphaerella  magnoliae  Ellis,  Sphaerella 
annulate  Cooke,  Laestadia  magnoliae  Sacc.,  and  Mycosphaerella  annulata  (Cooke)  Miles  of  USDA  Index  of  Plant 
Diseases],  on  Magnolia  virginiana  (Fla.,  Ga.,  Miss.,  N.  J.,  N.  C.,  S.  C.) 

Microdothella  ramularis  (Ellis  &  Everh.)  Tassi,  on  twigs  of  Lindera  benzoin  (Pa.) 

Physalospora  fusca  N.  E.  Stevens,  on  branches  of  Sassafras  albidum  (Ala.) 

Physalospora  obtusa  (Schw.)  Cooke  (=  Botrysphaeria  ?,  Sphaeropsis  seriata  Peck,  S.  punctata  Deam.  &  House, 
S.  linderae  Peck  ?,  S.  malorum  Peck  non  Berk.),  on  Aristolochia ,  on  branches  of  Calycanthus  floridus  (Ga., 
N.  Y.,  Va.),  on  branches  of  Lindera  benzoin,  on  branches  of  Liriodendron  tulipifera  (Md.  to  Ga.  and  Tenn.),  on 
branches  of  Magnolia,  and  on  branches  of  Sassafras  albidum  (N.  Y.  to  Ga.  and  Miss.) 

Physalospora  rhodina  (Berk.  &  Curtis)  Cooke,  *  on  branches  of  Sassafras  albidum  (Ala.) 

HYSTERIALES 

Hysterium  pulicare  Fr.,  on  Liriodendron  tulipifera,  and  on  Sassafras  albidum  (N.  Y.  **) 

Karschia  stygia  (Berk.  &  Curtis)  Massee  [  =  ?  Buellia  stygia  (Berk.  &  Curtis)  E.  Muller],  on  Liriodendron  tulipifera 
(Mass,  to  Ga.,  Mich.,  Ind.,  Ohio,  Iowa) 

Lecanidion  atratum  (Hedw.  ex  Fr.)  Endlich.,  *  on  scale  insects  on  Liriodendron  tulipifera  (Ga.) 

Ostreion  americanum  Duby  (=  Lophium  sassafras  Schw.),  on  Sassafras  albidum 
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DOTHIDEALES 

Coccoidella  scutula  (Berk.  &  Curtis)  Hohn.,  on  living  leaves  of  Persea  borbonia  and  Magnolia  sp.  (N.  C.  to  Fla., 
Miss,  and  Tex.) 

Didymosphaeria  linderae  Sacc.,  on  Lindera  benzoin  (N.Y.  **) 

Dothidea  linderae  Gerard,  on  branches  of  Lindera  benzoin  (N.Y.  **,  Pa.) 

Mycosphaerella  exutans  (Cooke)  Barr,  on  living  leaves  of  Persea  borbonia  (Tex.) 

Mycosphaerella  glauca  (Cooke)  Barr,  on  Magnolia  virginiana  (Fla.,  N.  J.,  S.  C.) 

Mycosphaerella  infuscans  (Ellis  &  Everh.)  Barr,  on  overwintered  petioles  of  Liriodendron  tulipifera  (W.  Va.) 
Mycosphaerella  liriodendri  (Cooke)  Woron.,  Leaf  spot  on  Liriodendron  tulipifera  (Ga.,  Mich.,  N.  Y.) 

Mycosphaerella  milleri  Hodges  &  Haasis,  perfect  state  of  Cercospora  magnoliae 

Mycosphaerella  pontederiae  (Peck)  House,  Leaf  spot  on  Nuphar  luteum  (Ma.,  Mich.,  N.  Y.  **,  Va.,  Wise.),  on 
Nuphar  x  rubrodiscum  (N.  Y.  **),  Leaf  spot  on  Nymphaea  odorata  (Va.) 

Mycosphaerella  sassafras  (Ellis  &  Everh.)  Bubak  &  Kab.,  on  leaves  of  Sassafras  albidutn  (N.  Y.  to  Ga.  and  Kans.) 
Mycosphaerella  tulipiferae  (Schw.)  Higgins  (=  Depazea  tulipiferae  Schw.,  and  Phyllosticta  liriodendri  Cooke),  on 
Liriodendron  tulipifera  (mid-Atlantic  to  Gulf  States) 

Mycosphaerella  sp.  ( Sphaerella  asiminae  Ellis  &  Kellerm.),  Leaf  spot  associated  with  Phyllosticta  asiminae  Ellis  & 
Kellerm.,  on  Asimina  triloba  (Ind.,  Ohio,  W.  Va.) 

Mycosphaerella  sp.,  on  Magnolia  virginiana  (Ga.) 

Scirrhia  concaviuscula  (Ellis  &  Everh.)  Barr[=  Dothidea  concaviuscula  Ellis  &  Everh.,  Dothidella  concaviuscula 
(Ellis  &  Everh.)  Theiss.  &  Syd.],  on  dead  branches  of  Magnolia  virginiana  (N.  J.) 

Trichodothis  comata  (Berk  &  Rav.)  Theiss.  &  H.  Sydow  ( Asterina  comata  Berk.),  on  Magnolia  virginiana  (Ala., 
Tex.,  Miss.) 

CAPNODIALES 

Capnodium  elongation  Berk.  &  Desm.,  Sooty  mold  on  Liriodendron  tulipifera  (cosmopolitan) 

Englerula  cornea  (Ellis  &  G.  Martin)  Hohn.  (=  Asterina  cornea  Ellis  &  G.  Martin),  Black  leaf  spot  on  Persea 
borbonia  (Fla.) 

MICROTHYRIALES 

Asterina  ramularis  Ellis,  on  Lindera  benzoin  (Pa.) 

Asterina  sp.,  on  leaves  of  Persea  borbonia  (southern  states) 

Chaetothyrina  sp.  (=  Venturia  applanata  Ellis  &  G.  Martin),  on  leaves  of  Magnolia  virginiana  (Fla.) 

Lembosia  rugispora  Tracy  &  Earle,  Black  mildew  on  Persea  borbonia  (Miss.,  N.  C.) 

Micropeltis  alabamensis  Earle,  Black  leaf  spot  on  Magnolia  virginiana  (Ala.) 

Stigmatophragmia  sassafrasicola  Tehon  &  Stout,  on  leaves  of  Sassafras  albidum  (Ill.) 

USTILAGINALES 

Entyloma  nymphaeae  (D.  D.  Cunn.)  Setch.,  White  smut  on  Nuphar  luteum  (Conn.,  Ill.,  Mass.,  N.  Y.,  Wise.), 
White  smut  on  Nymphaea  odorata  (Conn.,  Ill.,  Iowa,  Mass.,  N.  Y.  **,  Ohio,  Okla.,  Wise.) 

TREMELLALES 

Aporpium  caryae  (Schw.)  Teixeira  &  Rogers,  *  on  Liriodendron  tulipifera 

SEPTOBASIDIALES 

Septobasidium  langloisii  Pat.,  on  scale  insects  infesting  bark  of  Magnolia  virginiana  (Gulf  States) 

Septobasidium  tenue  Couch,  on  scale  insects  infesting  bark  of  Magnolia  virginiana  (Gulf  States) 

CORTICIACEAE 

Laeticorticium  sulphurellum  (Peck)  Gilbertson  (=  Hydnum  sulphurellum  Peck),  *  on  Liriodendron  tulipifera  (N.C.) 
Merulius  interruptus  Bres.,  White  rot  in  Liriodendron  tulipifera  (Va.) 
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Phlebia  chrysocrea  (Berk.  &  Curtis  in  Berk.)  Burds.  in  Lombard  et  al.  (=  Corticium  lividum  Pers.  ex  Fr.),  *  on 
Liriodendron  tulipifera  (S.  C.),  on  Sassafras  albidum  (Ga.) 

Phlebia  radiata  Fr.,  *  on  Liriodendron  tulipifera  and  Magnolia  virginiana  (widespread) 

Serpula  atrovirens  (Burt)  Cooke  (=  Merulius  atrovirens  Burt),  on  Liriodendron  tulipifera  (N.  C.) 

STEREACEAE 

Haematostereum  gausapatum  (Fr.)  Pouz.  (=  Stereum  gausapatum  Fr.),  *  Wood  rot  of  Liriodendron  tulipifera  logs 

Stereum  umbrinum  Berk.  &  Curtis,  Wood  rot  of  Liriodendron  tulipifera  logs 

Tomentella  brunneorufa  M.  J.  Larsen,  on  Liriodendron  tulipifera  (Md.) 

SCHIZOPHYLLACEAE 

Schizophyllum  commune  Fr.,  *  Sapwood  rot  on  Liriodendron  tulipifera.  Magnolia  virginiana,  and  Sassafras  al¬ 
bidum  (cosmopolitan) 

Solenia  anomala  (Pers.  ex  Fr.)  Fuckel  (=  Henningsomyces  ?),  *  on  Lindera  benzoin  (Tenn.) 

HYDNACEAE 

Hericium  erinaceus  (Bull,  ex  Fr.)  Pers.  (=  Hydnum  erinaceus  Bull,  ex  Fr.,  H.  caputmedusae  Bull,  ex  Fr.),  *  Wood 
rot  on  Liriodendron  tulipifera  (Va.) 

Radulum  magnoliae  Berk.  &  Curtis,  on  Magnolia  virginiana  (S.  C.) 

HYMENOCHAETACEAE 

Coltricia  mowryana  Murrill,  on  Persea  borbonia  (Fla.) 

Hymenochaete  corrugata  (Fr.)  Lev.  (=  H.  agglutinana  Ellis),  *  Wood  rot  of  Lindera  benzoin  (Conn.,  Pa.),  and 
Sassafras  albidum  (Va.) 

Hymenochaete  tabacina  (Sow.  ex  Fr.)  Lev.,  *  on  dead  branches  of  an  Aristolochia  sp.  (Calif.) 

POLYPORACEAE 

Coriolus  hirsutus  (Wulfen  ex  Fr.)  Quel.  (=  Polyporus  hirsutus  Wulfen  ex  Fr.),  *  Wood  rot  in  Liriodendron  tulipi¬ 
fera,  Magnolia  spp.,  Persea  borbonia  (Fla.),  and  Sassafras  albidum  (Ind.,  N.C.) 

Coriolus  pubescens  (Schum.  ex  Fr.)  Quel.  (=  Polyporus  pubescens  Schum.  ex  Fr.),  *  Wood  rot  in  Liriodendron 
tulipifera  and  Sassafras  albidum 

Coriolus  versicolor  (L.  ex  Fr.)  Quel.  (=  Polyporus  versicolor  L.  ex  Fr.),  *  Wood  rot  of  Liriodendron  tulipifera. 
Magnolia  spp.,  and  Sassafras  albidum  (Ind.,  Md.,  N.  C.,  Va.) 

Daedalea  confragosa  Bolt,  ex  Fr.,  Trunk  rot  of  Sassafras  albidum  (Ind.,  N.  Y.) 

Daedalea  extensa  Peck,  *  Wood  rot  of  Liriodendron  tulipifera 

Daedalea  unicolor  Bull,  ex  Fr.,  *  Wood  rot  of  Liriodendron  tulipifera,  and  Magnolia  spp.  (widely  distributed) 

Fomes  geotropus  Cooke,  on  Magnolia  sp.  and  Persea  borbonia  (Fla.) 

Fomes  supinus  Schw.  ex  Cooke,  on  Persea  borbonia  (Fla.) 

Gloeophyllum  sepiarium  (Wulfen  ex  Fr.)  Karst.  [=  Lenzites  saepiaria  (Wulfen  ex  Fr.)  Fr.],  *  Wood  rot  of  logs  and 
timer  of  Liriodendron  tulipifera  (cosmopolitan) 

Gloeophyllum  trabea  (Pers.  ex  Fr.)  Murrill  (=  Lenzites  trabea  Pers.  ex  Fr.),  *  Decay  of  Liriodendron  tulipifera 
lumber 

Irpex  lacteus  (Fr.  ex  Fr.)  Fr.  [=  Polyporus  tulipiferae  (Schw.)  Overh.],  Wood  rot  in  Liriodendroyi  tulipifera  (N.  Y. 
**)  generally  distributed 

Ischnoderma  resinosa  (Schrad.  ex  Fr.)  Karst.  [=  Polyporus  resinosus  Schrad.  ex  Fr.,  P.  benzoinus  (Wahl.)  Fr.],  * 
Wood  rot  in  Lindera  benzoin  and  Liriodendron  tulipifera  (northern  U.  S.) 

Lenzites  betulina  (L.  ex  Fr.)  Fr.,  *  Wood  rot  of  logs  and  timber  of  Liriodendron  tulipifera  (cosmopolitan) 

Phellinus  everhartii  (Ellis  &  Gall.)  Pilat  (—  Mucronoporus  everhartii  Ellis  &  Gall.),  on  Liriodendron  tidipifera 
(eastern  U.  S.) 

Phellinus  gilvus  (Schw.  ex  Fr.)  Pat.  [=  Polyporus  gilvus  Schw.  ex  Fr.)  F.r.],  *  Wood  rot  of  Sassafras  albidum 
(Ind.,  La.,  Md.) 
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Phellinus  igniarius  (L.  ex  Fr.)  Quel.  [=  Fomes  igniarius  (L.  ex  Fr.)  Kickx.],  *  White  heart  rot  of  Sassafras  albidum 
(Ohio,  Va.) 

Phellinus  ribis  (Schum.  ex  Fr.)  Quel.  [=  Fomes  ribis  (Schum.  ex  Fr.)  Gill.],  *  Red  heart  rot  of  Sassafras  albidum 
(Md.) 

Pohjporus  adustus  Willd.  ex  Fr.,  *  Wood  rot  of  Liriodendron  tulipifera 
Polyporus  amplectens  (Murrill)  Sacc.  &  Trott.,  on  Asimina  (Ga.) 

Polyporus  caesius  Schrad.  ex  Fr.,  *  Wood  rot  of  Liriodendron  tulipifera  and  Magnolia  spp. 

Polyporus  dichrous  Fr.,  *  Wood  rot  in  Liriodendron  tulipifera 
Polyporus  graveolens  (Scliw.)  Fr.,  Wood  rot  in  Liriodendron  tulipifera 
Polyporus  mutabilis  Berk.  &  Curtis,  on  Persea  borbonia  (Fla.) 

Polyporus  sulphureus  Bull,  ex  Fr.,  *  Wood  rot  in  Liriodendron  tulipifera  and  on  Persea  borbonia  (Fla.) 

Polyporus  zonalis  Berk.,  Wood  rot  of  Liriodendron  tulipifera  (Southern  States) 

Poria  canescens  P.  Karst.,  on  Liriodendron  tulipifera  (Great  Lakes  region) 

Poria  cinerea  (Schw.)  Cooke,  on  Liriodendron  tulipifera  (Pa.) 

Poria  eupora  (Karst.)  Cooke,  *  on  Liriodendron  tidipifera  (Va.) 

Poria  ferruginosa  (Schrad.  ex  Fr.)  Fr.,  *  Wood  rot  of  Sassafras  albidum 

Poria  inerassata  (Berk.  &  Curtis)  Burt,  on  decaying  Liriodendron  tulipifera  and  Sassafras  albidum  lumber  (widely 
distributed) 

Poria  isabellina  (Fr.)  Overh.,  Sapwood  rot  of  Asimina  triloba  (Va.,  W.  Va.) 

Poria  medulla-panis  (Jacq.)  Bres.,  *  ?  on  Sassafras  albidum  (widely  distributed) 

Poria  punctata  (Fr.)  Cooke,  *  on  Asimina  triloba  (Va.) 

Poria  sassafras  (Schw.)  Cooke,  on  decaying  Sassafras  albidum  wood  (Pa.) 

Pycnoporus  cinnabarinus  (Jacq.  ex  Fr.)  Karst.  (=  Polyporus  cinnabarinus  Jacq.  ex  Fr.),  *  Wood  rot  of  Liriodendron 
tulipifera  (W.  Va.) 

Trametes  albida  (Fr.  ex  Fr.)  Bourdot  &  Galzin  (=  Trametes  sepium  Berk.),  *  Wood  rot  of  Sassafras  albidum  (Ind.) 
Trametes  malicola  Berk.  &  Curtis,  *  Wood  rot  of  Lindera  benzoin 

AGARICALES 

Armillariella  mellea  (Vahl.  ex  Fr.)  Karst.,  *  Root  rot  of  Liriodendron  tulipifera  (Va.),  Root  rot  of  Sassafras  albidum 
(Pa.) 

Flammulina  velutipes  (Fr.)  Karst.  [=  Collybia  velutipes  (Fr.)  Kummer],  White,  spongy  trunk  rot  of  Liriodendron 
tulipifera  (W.  Va.) 

Hypholoma  sp.,  *  Butt  rot  of  Liriodendron  tulipifera  (W.  Va.) 

Pleurotus  ostreatus  (Jacq.  ex  Fr.)  Kummer,  *  Sapwood  rot  of  Liriodendron  tulipifera  (infection  occasional) 
Strobilurus  conigenoides  (Ellis)  Sing.  (=  Collybia  conigenoides  Ellis),  *  on  fallen  cones  of  Magnolia  acuminata 
(Tenn.) 

Tricholoma  panaeolum  (Fr.)  Quel.  var.  caespitosum  Bres.,  Fairy  ring  around  Lindera  benzoin  (Md.) 

V olvariella  bombycina  (Schaeff.  ex  Fr.)  Sing.,  *  on  various  trees  including  Magnolia  spp. 

MONILIALES 

Alternaria  nelumbii  Enlows  &  Rand,  Leaf  spot  on  Nelumbo  lutea  (Okla.?,  Tex.) 

Arthrobotrys  sp.,  Nematode-capturing  fungus  occurring  on  submerged  Liriodendron  tulipifera  wood 
Beltraniella  portoricensis  F.  L.  Stevens  &  Patil.,  conidial  state  of  Pseudomassaria  carolinensis  on  Persea  borbonia 

(S.  C) 

Botrytis  cinera  Pers.  ex  Fr.,  *  Gray  mold  blight  on  Aristolochia  macrophylla  (Conn.,  Md.) 

Cercospora  g uttulata  Ellis  &  Kellerm.,  Leaf  spot  on  Aristolochia  macrophylla  (W.  Va.),  on  Aristolochia  sp.  (Ill.) 
Cercospora  liriodendri  Ellis  &  Harkn.  [=  Mycosphaerella  tulipifera  (Schw.)  Higgins?],  on  Liriodendron  tulipifera 
(N.  J.,  W.  Va.) 

Cercospora  rnagnoliae  Ellis  &  Harkn.  (=  C.  glauca  Ellis  &  Everh.  and  Isariopsis  magnoliae  Plakidas).  This  is  the 
conidial  state  of  Mycosphaerella  milled;  on  Magnolia  virginiana  (N.  J.,  N.  C.,  S.  C.) 

Cercospora  nelumbonis  Tharp,  Leaf  spot  on  Nelumbo  lutea  (Ind.,  Tex.) 

Cercospora  nymphaeacea  Cooke  &  Ellis,  on  Nuphar  luteum  (Del.,  N.  Y.  **),  on  Nymphaea  odorata  (Ill.,  Ma., 
Mich.,  Mo.,  N.  J.,  N.  Y.  **,  Tex.,  Wise.) 
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Cercospora  purpurea  Cooke,  Leaf  spot  on  Persea  borbonia  (Fla.,  Ga.,  Miss.) 

Cercospora  saururi  Ellis  &  Everh.,  [?  =  Ramularia  saururi  (Ellis  &  Everh.)  Tharp.].  Leaf  spot  on  Saururus  cer- 
nuus  (Ala.,  Fla.,  Ill.,  Inch,  La.,  N.  Y.  **,  Tex.) 

Cercospora  serpentariae  Ellis  &  Everh.,  Leaf  spot  on  Aristolochia  serpentaria  (Ala.,  Conn.,  Del.) 

Chaetochalara  aspera  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Circinotrichum  fertile  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Cladosporium  fasciculatum  Cda.,  on  leaves  of  Magnolia  virginiana  (Md.,  N.  J.,  N.  Y.) 

Codinaea  gonotrichodes  Shearer  &  Crane,  saprophytic  on  seeds  of  Liriodendron  tulipifera  (Ill.,  Ma.) 

Coryne  gelatinosa  (Ellis  &  G.  Martin)  Rehm,  on  leaves  of  Persea  borbonia  (Fla.) 

Cristulariella  pyramidalis  Waterman  &  Marshal,  on  Asimina  triloba  and  Lindera  benzoin  (W.  Va.) 

Cylindrocladium  floridanum  Sobers  &  Seym.,  experimentally  on  Liriodendron  tulipifera  in  Miss.,  naturally  in 
N.  C. 

Cylindrocladium  scoparium  Morg.,  on  fallen  leaves  of  Asimina  triloba  (W.  Va.) 

Dichotomophthoropsis  nymphaearum  (Rand)  M.  B.  Ellis,  on  Brasenia  schreberi,  Nuphar  luteum,  and  Nymphaea 
odorata  (Minn.) 

Eversia  subopaca  (Cooke  &  Ellis)  Crane  &  Schoknecht  (=  Torula  bigemina  Cooke  &  Ellis,  and  Helminthosporium 
subopacum  Cooke  &  Ellis),  on  Magnolia  virginiana  (N.  J.) 

Fusarium  solani  (Mart.)  Appel  &  Wr. ,  *  canker  on  Liriodendron  tulipifera 

Graphium  rubrum  Rumbold,  Pink  wood  stain  of  Liriodendron  tulipifera  (Ohio  to  Miss,  and  S.  C.) 

Helminthosporium  fumosum  Ellis  &  G.  Martin,  on  leaves  of  Persea  borbonia  (Fla.) 

Helminthosporium  macrocarpum  Grev.,  on  Liriodendron  tulipifera  and  Magnolia  virginiana  (Del.) 

Isariopsis  linderae  (Ellis  &  Everh.)  Sacc.  (=  Graphium  linderae  Ellis  &  Everh.,  Helminthosporium  petersii  Berk.  & 
Curtis,  in  part),  on  leaves  of  Lindera  benzoin  (Ala.?,  N.  J.,  W.  Va.) 

Menisporopsis  profusa  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Mycocentrospora  asiminae  (Ellis  &  Kellerm.)  Deighton  (=  Cercospora  asiminae  Ellis  &  Kellerm.),  Leaf  spot  on 
Asimina  triloba  (Ala.,  Kans.,  Md.,  Miss.,  Tex.) 

Myrothecium  roridum  Tode  ex  Fr.,  *  on  leaves  of  Asimina  triloba  (W.  Va.) 

Ovularia  nymphaearum  Allesch,  Leaf  spot  on  Nymphaea  odorata  (Wash.) 

Phymatotrichum  omnivorum  (Shear)  Dug.,  Root  rot  of  Asimina  triloba,  Lindera  benzoin,  Liriodendron  tulipifera, 
and  Sassafras  albidum  (Tex.) 

Ramularia  liriodendri  Ellis  &  Everh.,  Leaf  spot  on  Liriodendron  tulipifera  (Ala.,  Del.) 

Ramularia  saururi  (Ellis  &  Everh.)  Tharp.,  Leaf  spot  on  Saururus  cernuus  (Okla.) 

Redbia  elegans  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Rhopaloconidium  asiminae  (Ellis  &  Morg.)  Petr.  (=  Phleospora  asiminae  Ellis  &  Morg.),  Leal  blotch  on  Asimina 
triloba  (Ill.,  Ind.,  Kans.,  Mo.,  Ohio,  W.  Va.) 

Scolecobasidium  dendroides  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Sirodesmium  ellipticum  (Cooke)  Sacc.  (=  Coniosporium  ellipticum  ?),  on  leaves  of  Magnolia  virginiana  (S.  C.) 
Sporidesmium  rude  Ellis,  on  leaves  of  Magnolia  virginiana  (N.  J.) 

Thozetella  cristata  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Thozetella  radiata  (Morris)  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Thozetella  tocklaiensis  (Agnihothrudu)  Piroznyski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

Torula  ligniperda  (Willk.)  Sacc.,  Pink  wood  stain  in  Liriodendron  tulipifera  (widespread) 

Uberispora  simplex  (Ichinde)  Pirozynski  &  Hodges,  on  fallen  leaves  of  Persea  borbonia  (S.  C.) 

SPHAEROPSIDALES 

Actinopelte  dryina  (Sacc.)  Hohn.  (=  Actinothyrium  gloeosporioides  Tehon),  Leaf  spot  on  Sassafras  albidum  (N.  J., 

m.) 

Asteroma  liriodendri  Cooke,  on  leaves  of  Liriodendron  tulipifera  (Md.,  S.  C.) 

Cytospora  laxa  Berk.  &  Curtis,  on  twigs  of  Calycanthus  floridus  (Md.) 

Cytospora  leucostoma  Sacc.  var.  magnoliae  D.  Sacc.,  *  on  branches  of  Liriodendron  tulipifera  (Md.  Va.) 

Cytospora  sassafras  Ellis  &  Everh.,  on  twigs  of  Sassafras  albidum  (Mich.,  N.  Y.,  W.  Va.) 

Cytospora  sassafrasicola  Tehon  &  Daniels,  on  bark  of  Sassafras  albidum  branches  injured  by  fire  (Ill.) 

Diplodia  linderae  Ellis  &  Everh.,  on  Lindera  benzoin  (N.  Y.**) 
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Diplodia  liriodendri  Peck,  on  branches  of  Liriodendron  tulipifera  (Ala.,  N.  Y.,  W.  Va.) 

Diplodia  officinalis  Ellis  &  Everh.,  on  twigs  and  branches  of  Sassafras  albidum  (Mich.,  N.  Y.) 

Diplodia  radicicola  Tassi,  perhaps  the  conidial  state  of  Physalospora  rhodina  (Berk.  &  Curtis)  Cooke,  Root  rot  of 
Aristolochia  serpentaria  (Va.) 

Diplodia  sassafras  Tracy  &  Earle,  on  twigs  and  branches  of  Sassafras  albidum  (Miss.) 

Diplodia  subcuticularis  Deam.  &  House,  on  twigs  and  branches  of  Sassafras  albidum  (N.  Y.  **) 

Diplopeltis  sassafrasicola  Tehon  &  Stout  (=  Pycnoseijnesia  ?),  on  leaves  of  Sassafras  albidum  (Ill.) 

Dothiorella  aberrans  Peck,  on  branches  of  Asimina  triloba  (Ohio) 

Dothiorella  asiminae  Ellis  &  Everh.,  on  Asimina  triloba  (W.  Va.),  probably  the  conidial  stage  of  a  Botryosphaeria 
Dothiorella  minor  Ellis  &  Everh.,  on  branches  of  Liriodendron  tulipifera  (Md.,  W.  Va.) 

Dothiorella  nelumbii  Ellis  &  F.  W.  Anderson,  on  flower  parts  of  Nelumbo  lutea  (Del.,  Md.) 

Dothiorella  sp.,  canker  on  Liriodendron  tulipifera  (Pa.) 

Gloeodes  pomigena  (Schw.)  Colby,  on  twigs  of  Asimina  triloba  (Ind.),  on  branches  of  Lindera  benzoin  (Ind.),  on 
branches  of  Liriodendron  tulipifera  (Ind.,  W.  Va.),  on  branches  of  Sassafras  albidum  (Ind.) 

Hendersonia  linderae  Sacc.,  on  branches  of  Lindera  benzoin  (N.  Y.**) 

Leptothyrium  kellermanii  Bubak.  (spermatial  stage  of  Mycosphaerella  sassafras  ?),  on  dead  leaves  of  Sassafras  al¬ 
bidum  (Ohio,  Pa.) 

Leptothyrium  liriodendri  Cooke,  on  leaves  of  Liriodendron  tulipifera  (S.  C.,  W.  Va.) 

Microdiplodia  linderae  (Ellis  &  Everh.)  Tassi,  on  branches  of  Lindera  benzoin  (Mich.,  N.  Y.**) 

Phaeostigme  picea  (Berk.  &  Curtis)  Svd.  (=  Dimerium),  on  Magnolia  virginiana  (Ga.) 

Phoma  microsporella  Karst.  &  Har.,  on  leaves  of  Asimina  triloba  (Ind.,  Ohio) 

Phoma  tulipiferae  Schw.,  on  leaves  of  Liriodendron  tulipifera  (N.  Y.,  Pa.) 

Phomopsis  sp.  (=  Diaporthe  magnoliae  Ellis  &  Everh.),  on  Magnolia  virginiana  (Fla.) 

Phyllosticta  asiminae  Ellis  &  Kellerm.,  Bordered  leaf  spot  or  eyespot  of  Asimina  triloba  (Mo.  to  Tex.,  Mich., 
N.  Y.**,  Ohio) 

Phyllosticta  cookei  Sacc.,  Leaf  spot  on  Magnolia  acuminata  (W.  Va.),  on  Magnolia  virginiana  (Fla.,  Miss.,  N.  J., 
N.  Y.**) 

Phyllosticta  fatiscens  Peck,  Leaf  spot  on  Nuphar  luteum  (N.  Y.**),  and  Nymphaea  odorata  (Ill.,  Iowa,  N.  J., 
N.  Y.**,  Wise.) 

Phyllosticta  glauca  Cooke,  on  Magnolia  virginiana  (Ala.,  Fla.,  N.  C.,  S.  C.) 

Phyllosticta  illinoensis  Tehon  &  Daniels,  Leaf  spot  on  Sassafras  albidum  (Ill.,  Mass.) 

Phyllosticta  linderae  Ellis  &  Everh.,  Leaf  spot  on  Lindera  benzoin  (Del.,  Ind.,  W.  Va.) 

Phyllosticta  lindericola  Ellis  &  Everh.,  Leaf  spot  on  Lindera  benzoin  (W.  Va.) 

Phyllosticta  liriodendri  Cooke  (=  Phyllosticta  liriodendrica  Sacc.,  P.  circumvallata  Wint.),  Leaf  spot  of  Lirioden¬ 
dron  tulipifera  (conidial  state  of  Mycosphaerella  liriodendri )  (widespread,  N.  Y.  **) 

Phyllosticta  macrospora  Ellis  &  Everh.,  on  living  leaves  of  Liriodendron  tidipifera  (N.  Y.**,  Pa.,  Va.,  W.  Va.) 
Phyllosticta  magnoliae  Sacc.,  on  Magnolia  virginiana  (Fla.,  N.  J.) 

Phyllosticta  micropuncta  Cooke,  Leaf  spot  on  Persea  borbonia  (Md.  to  Fla.,  and  Tex.) 

Phyllosticta  sassafras  Cooke,  Leaf  spot  on  Sassafras  albidum  (N.  Y.  **  to  Ga.) 

Phyllosticta  nymphaeacea  Ellis  &  Everh.,  on  Nuphar  luteum  (Ill.,  Tex.) 

Phyllosticta  nymphaeicola  Tehon  &  Daniels,  on  Nuphar  luteum  (Ill.) 

Phyllosticta  perseae  Ellis  and  G.  Martin,  on  Persea  borbonia  (Fla.) 

Pseudodictya  sassafrasicola  Tehon  &  Stout,  on  leaves  of  Sassafras  albidum  (Ill.) 

Septoria  asiminae  Ellis  &  Everh.  (Nomen  nudum  ?),  Leaf  spot  on  Asimina  triloba  (Tex.) 

Septoria  sp.,  Leaf  spot  on  Sassafras  albidum  (N.  Y.) 

Sphaeronaema  magnoliae  Peck,  on  dead  twigs  of  Magnolia  acuminata  (N.  Y.**,  Pa.) 

Sphaeropsis  asiminae  Ellis  &  Everh.,  on  branches  of  Asimina  triloba  (Md.,  W.  Va.) 

Sphaeropsis  linderae  Peck  [=  Physalospora  obtusa  ?],  on  dead  branches  of  Lindera  benzoin  (N.  Y.**) 

Sphaeropsis  sassafras  Cooke  &  Ellis  (probably  not  a  Sphaeropsis ),  on  Sassafras  albidum  (N.  Y.**) 

Sphaeropsis  spp.  (probably  conidial  states  of  Physalospora  spp.),  cankers  and  dieback  of  Sassafras  albidum  (N.Y.  to 
Ala.  and  Mo.) 
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MELANCONIALES 


Gloeosporium  affinis  Sacc.,  on  Sassafras  albidum  (Ill.) 

Gloeosporium  falcatum  Dearn.  &  House,  on  leaves  of  Lindera  benzoin  (N.  Y.**) 

Gloeosporium  liriodendri  Ellis  &  Everh.,  Leaf  spot  of  Liriodendron  tulipifera  (Conn.,  to  N.  J.  and  Tex.) 
Gloeosporium  sp.  [=  Glomerella  cingulata  (Ston.)  Spauld.  &  Schrenk],  Leaf  spot  on  Aristolochia  macrophylla 
(Mass.) 

Melanconium  magnoliae  Ellis  &  Everh.,  on  dead  trunk  of  Magnolia  virginiana  (N.  J.) 

Myxosporium  coloratura  (Peck)  Sacc.,  on  twigs  of  Liriodendron  tulipifera  (N.  Y.**) 

Myxosporium  liriodendri  Dearn.  &  House,  on  twigs  of  Liriodendron  tulipifera  (N.  Y. **) 

Myxosporium  longisporum  Edg.,  on  twigs  of  Liriodendron  tulipifera  (N.  Y.) 

Myxosporium  megallanto  Dearn.,  on  dead  branchlets  of  Liriodendron  tulipifera  (N.  Y.) 

Myxosporium  tulipiferae  Died.,  on  twigs  of  Liriodendron  tulipifera  (Iowa) 

Pestalotia  spp.,  on  leaves  of  Persea  borbonia  (generally  distributed) 

Septogloem  sp.,  on  living  leaves  of  Liriodendron  tulipifera  (N.Y.**)- 

MYCELIA  STERILIA 

Ectostroma  liriodendri  Kunze  ex  Fr.,  Tar  spot  on  Liriodendron  tulipifera  (widespread,  N.  Y.**) 

Rhizoctonia  solani  Kuehn.,  Seedling  blight  of  Liriodendron  tulipifera  (Ohio,  Va.) 

Sclerotium  sp.,  on  Nuphar  luteum  and  Nymphaea  odorata  (Minn.) 
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APPENDIX  II 


A  list  of  Some  Insects  Associated  with  Plant  Species  in  this  Treatment. 

ORTHOPTERA 

Tettigoniidae 

Conocephalus  brevipennis  (Scud.)  on  Nelumbo  lutea 

HEMIPTERA 

Mesoveliidae 

Mesovelia  sp.  on  Nuphar  luteum 
Miridae 

Lijgus  oblineatus  (Say)  on  Nelumbo  lutea 

HOMOPTERA 

Cicadellidae 

Jassus  olitorius  (Say)  on  Sassafras  albidum 
Cercopidae 

Philaenus  sp.  on  Nuphar  luteum 
Aphiidae 

Aphis  fab ae  (Scopoli)  Bean  Aphid  on  Aristolochia  durior  and  Calycanthus  floridus 

Aphis  gossypii  Glover  on  Nelumbo  lutea 

Aphis  maidis  Fitch  Com  Leaf  Aphid  on  Nymphaea  odorata 

Aphis  sp.  on  Asarum  canadense 

Macrosiphon  liriodendri  (Monell)  Tulip  tree  Aphid  on  Liriodendron  tulipifera,  Magnolia  acuminata 
Nearctaphis  bakeri  (Cowen)  Clover  Aphid  on  Calycanthus  floridus 

Rhopalosiphum  nymphaeae  (L.),  Waterlily  Aphid  on  Ceratophyllum,  Nuphar  luteum,  and  Nymphaea  odorata 
Aleyrodidae 

Aleyrodes  asarumis  (Shimer)  on  Asarum  canadense 
Coccidae 

Aspidiotus  camelliae  Sign.  Greedy  Scale  on  Magnolia  virginiana 
Aspidiotus  hederae  (Vail.)  Oleander  Scale  on  Magnolia  (nursery  stock) 

Aspidiotus  perniciosus  Comstock,  San  Jose  Scale  on  Sassafras  albidum 
Aspidiotus  townsendi  (Ckll.)  on  Liriodendron  tulipifera 

Cercoplastes  floridensis  Comstock,  Florida  Wax  Scale  on  Magnolia  (nursery  stock) 

Chionapsis  lintneri  Comstock  on  Lindera  benzoin 
Chionapsis  salicis-nigrae  (Walsh)  on  Liriodendron  tulipifera 
Chionapsis  sylvatica  Sanders  on  Lindera  benzoin 
Coccus  hesperidum  L.  Soft  Scale  on  Magnolia  (nursery  stock) 

lcerya  purchasi  Mask.  Cottony-cushion  Scale,  Fluted  Scale  on  Magnolia  (nursery  stock) 

Lecanium  corni  Bouehe,  European  Fruit  Lecanium  Scale  on  Magnolia 
Lepidosaphes  beckii  (Newm.)  Purple  Scale  on  Magnolia  (nursery  stock) 

Lepidosaphes  gloverii  (Pck.)  on  Magnolia  (nursery  stock) 

Lepidosaphes  ulmi  (L.)  Oystershell  Scale  on  Liriodendron  tulipifera  and  Sassafras  albidum 
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HEMIPTERA 


Coccidae 

Neolecatiium  cornuparvum  Thro.  Magnolia  Scale  on  Magnolia 
Parlatoria  pergandii  Comstock,  Chaff  Scale  on  Magnolia 
Pseudococcus  comstocki  (Kuw.)  Comstock  Mealy-bug,  on  Magnolia 
Saissetia  oleae  (Bern.)  Black  Scale  on  Magnolia  (nursery  stock) 

Touineyella  liriodendri  Gmelin  on  Liriodendron  and  Magnolia 

COLEOPTERA 

Cantharidae 

Chauliognathus  marginatus  Fab.  on  Nuphar  luteum 
Chauliognathus  pennsylvanicus  (DeGeer)  on  Nelumbo  lutea 
Cleridae 

Necrobia  rufipes  DeGeer  on  Nelumbo  lutea 
Mordellidae 

Mordellistena  sp.  on  Nelumbo  lutea 
Elateridae 

Hypolithus  obliquatulus  (Mels.)  on  Nelumbo  lutea 
Dermestidae 

Anthrenus  verbasci  L.  on  Nelumbo  lutea 
Nitidulidae 

Colopterus  truncatus  Rand,  on  Calycanthus 
Meligethes  sp.  on  Nuphar  luteum 
Coccinellidae 

Hippodamia  convergens  Guerin  on  Nelumbo  lutea 
Hippodamia  tridecimpunctata  (Say)  on  Nelumbo  lutea 
Ptinidae 

Ptinus  sp.  on  Nuphar  luteum 
Scarabeidae 

Popillia  japonica  Newman,  Japanese  Beetle  on  Sassafras  albidum  and  Nelumbo  lutea 
Cerambycidae 

Bellamira  scalaris  (Say)  on  Liriodendron  tulipifera 
Brachyleptura  circumdata  (Olivier)  on  Magnolia  flower 
Centrodera  decolorata  (Harris)  on  Liriodendron  tulipifera 
Charisalia  americana  (Haldeman)  on  Liriodendron  tulipifera 
Cyrtinus  pygmaeus  Hald.  larva  in  Liriodendron  tulipifera 

Cyrtophorus  verrucosus  (Olivier)  on  Lindera  benzoin  and  Liriodendroji  tulipifera 

Elaphidion  mucronatum  (Say)  on  Asiminia  triloba,  Liriodendron  tulipifera  and  Sassafras  albidum 

Elaphidionoides  villosus  (Fab.)  on  Sassafras  albidum 

Encyclops  caerulea  (Say)  on  Liriodendron  tulipifera 

Heterachthes  pallidus  Haldeman  on  Liriodendron  tulipifera 

Heterachthes  quadrimaculatus  Fab.  larva  in  Liriodendron  tulipifera 

Leptostijlus  aculifer  Say  larva  in  Liriodendron  tulipifera 

Leptura  emarginata  Fab.  on  Liriodendron  tulipifera 

Neoclytus  acuminatus  acuminatus  (Fab.)  on  Liriodendron  tulipifera  and  Sassafras  albidum 
Oberea  ruficollis  Fab.  larva  in  Lindera  benzoin  and  Sassafras  albidum 
Pidonia  ruficollis  (Say)  on  Magnolia  flowers 
Psenocerus  supernotatus  Say  larva  in  Liriodendron  tulipifera 
Trachysida  mutabilis  (Newman)  on  Liriodendron  tulipifera 
Tylonotus  bimaculatus  Haldeman  on  Liriodendron  tulipifera 
Chrysomelidae 

Diabrotica  unidecimpunctata  howardi  Barber  on  Nelumbo  lutea 

Donacia  cincticornis  Newm.  on  Brasenia  schreberi,  Nuphar  luteum,  Nymphaea  odorata 
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Donacia  cincticornis  Newm.,  var.  tenuis  Sf.  on  Brasenia  schreberi  and  Nymphaea  odorata 

Donacia  coerulea  Oliv.  on  leaves  of  Nuphar  luteum 

Donacia  edentata  Sf.  on  flowers  and  leaves  of  Nymphaea  odorata 

Donacia  liebecki  Sf.  on  flowers  and  leaves  of  Nymphaea  odorata 

Donacia  megacornis  Blatch.  on  flowers  and  leaves  of  Nuphar  luteum  and  Nymphaea  odorata 
Donacia  militaris  Lac.  on  flowers  and  leaves  of  Nymphaea  odorata 

Donacia  palmata  Oliv.  adults  and  eggs  on  flowers  and  leaves  of  Nuphar  luteum  and  Nymphaea  odorata,  larva 
in  rhizomes  of  Nuphar 

Donacia  parvidens  Sf.  on  flowers  and  leaves  of  Nymphaea  odorata 

Donacia  piscatrix  Lac.  on  flowers  and  leaves  of  Nymphaea  odorata  and  occasionally  on  Brasenia  schreberi 
Donacia  proximo  Kby.  on  flowers  and  leaves  of  Nuphar  luteum 

Donacia  rufescens  Lac.  on  flowers  and  leaves  of  Nymphaea  odorata  and  occasionally  on  Brasenia  schreberi 

Donacia  texana  var.  minor  Sf.  on  Nuphar  luteum 

Epithrix  cucumeris  (Harris)  Potato  Flea  Beetle  on  Nelumbo  lutea 

Pyrrhalta  nymphaeae  (L.)  Waterlily  Leaf  Beetle,  on  Nuphar  luteum  and  Nymphaea  odorata 
Curculionidae 

Odontopus  calceatus  Say  Sassafras  Weevil,  on  Sassafras  albidum 

Prionomerus  calceatus  Say  larvae  mining  leaves  of  Liriodendron  tulipifera  and  Sassafras  albidum 


LEPIDOPTERA 

Lyonetiidae 

Phyllocnistis  liriodendrella  Clemens  larva  on  Liriodendron  tulipifera  and  on  Magnolia 
Gracilariidae 

Gracilaria  sassafrasella  Chambers  larva  and  pupa  on  Sassafras  albidum 
Lithocelletis  hamadryadella  Clemens  on  Magnolia 
Yponomeutidae 

Urodus  parvula  Edwards  larva  on  Persea  borbonia 
Tortricidae 

Archips  magnoliana  Fernald  larva  on  Magnolia  acuminata 

Phaecasiophora  niveiguttana  Grote  larva  on  Sassafras  albidum 

Polychrosis  liriodendrana  Kearfott  larva  on  Liriodendron  tulipifera  and  Magnolia 

Polychrosis  liriodendrana  Kearfott,  var.  magnoliana  Kearfott  larva  on  Liriodendron  tulipifera  and  Magnolia 
Sparganothis  saracana  Kearfott  larva  on  Sassafras  albidum 
Pyralididae 

Euzophera  ostricolorella  Hulst.  larva  in  bark  of  Liriodendron  tulipifera 
Nymphula  badiusalis  Walker  on  Nelumbo  lutea 
Nymphula  gyralis  Hulst.  larva  on  Nymphaea  odorata 

Nymphula  maculalis  Clemens  larva  on  waterlilies  and  Brasenia,  pupa  generally  under  a  floating  waterlily  leaf 
Nymphula  obliteralis  Walker  larva  on  waterlilies 
Omphalocera  cariosa  Lederer  larva  boring  in  Asimina  triloba 
Pyrausta  fissalis  Grote  larva  and  pupa  on  Sassafras  albidum 
Pyrausta  penitalis  Grote  larva  on  Nelumbo  lutea  and  Nymphaea  odorata 
Sphingidae 

Agrinus  cingulata  (Fab.)  on  Asimina  triloba 
Dolba  hyleus  (Drury)  on  Asimina  triloba 
Saturniidae 

Antheraea  polyphemus  (Cramer)  on  Liriodendron  tulipifera  and  Sassafras  albidum 
Automeris  io  (Fabrieius)  on  Liriodendron  tulipifera.  Magnolia  virginiana  and  Sassafras  albidum 
Callosamia  ( angulifera )  Walker  larva  and  pupae  on  Liriodendron  tulipifera  and  Sassafras  albiduin 
Callosamia  Carolina  Jones  on  Liriodendron  tulipifera  and  Magnolia  virginiana 

Callosamia  promethea  (Drury)  larva  on  Lindera  benzoin.  Magnolia  sp.,  Liriodendron  tulipifera  and  Sassafras 
albidum 
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Hyalophora  cercropia  (L.)  on  Sassafras  albidum 

Sarnia  cynthia  (Felder  and  Felder)  on  Lindera  benzoin  and  Liriodendron  tulipifera  and  Sassafras  albidum 
Citheroniidae 

Citheronia  regalis  (Fab.)  Hickory  Horned  Devil,  on  Sassafras  albidum 
Eacles  imperialis  (Drury)  on  Lindera  benzoin  and  Sassafras  albidum 
Arctiidae 

Halisidota  tessellaris  (Abbot  and  Smith)  on  Liriodendron  tulipifera 

Hyphantria  cunea  (Drury)  on  Asimina  triloba,  Liriodendron  tulipifera  and  Sassafras  albidum 
Noctuidae 

Arzama  obliqua  (Walker)  on  Nelumbo  lutea 
Bellura  gortynoides  Walker  on  Nuphar  luteum 

Bellura  melanopyga  (Grote)  on  Nuphar  luteum  and  Nymphaea  odorata 

Feltia  ducens  Walker  on  Cabomba  caroliniana 

Heliothis  zeae  (Fab.)  on  Sassafras  albidum 

Neoerastria  caduca  (Grote)  on  Nuphar  luteum 

Papapamea  buffaloensis  (Grote)  on  Saururus  cernuus 

Septis  alia  (Guenee)  on  Sassafras  albidum 

Zale  calycanthata  (Abbot  and  Smith)  on  Calycanthus  floridus  (N.J.  and  south) 

Notondontidae 

Datana  drexeli  Henry  Edwards  on  Sassafras  albidum 
Liparidae 

Hemerocampa  leucostigma  (Abbot  and  Smith)  on  Asimina  triloba,  Liriodendron  tulipifera  and  Sassafras  al¬ 
bidum 

Liparis  dispar  (L.)  on  Lindera  benzoin  and  Liriodendron  tulipifera  and  Sassafras  albidum 
Zanolidae 

Apatelodes  torrefacta  (Abbot  and  Smith)  on  Asimina  triloba,  Lindera  benzoin  and  Sassafras  albidum 
Geometridae 

Abbotana  clemataria  (Abbot  and  Smith)  on  Sassafras  albidum 

Epimecis  virginaria  (Cramer)  on  Liriodendron  tulipifera,  Persea  borbonia  and  Sassafras  albidum 
Erannis  tiliaria  (Harris)  on  Liriodendron  tulipifera 
Metarranthis  broweri  Rupert  on  Sassafras  albidum 
Metarranthis  hypochria  (Herrich-Schaetter)  on  Sassafras  albidum 
Tetracis  crocallata  Guenee  on  Lindera  benzoin 
Papilionidae 

Battus  philenor  (L.)  on  Asarum  canadense,  Aristolochia  durior  and  A.  serpentaria 
Graphium  marcellus  Cramer  Zebra  Swallowtail  on  Asimina  triloba  and  Lindera  benzoin 
Papilio  cresphontes  Cramer  Giant  Swallowtail  on  Persea  borbonia 

Papilio  glaucus  L.  Tiger  Swallowtail  on  Lindera  benzoin,  Liriodendron  tulipifera.  Magnolia  acuminata  and 
Sassafras  albidum 

Papilio  palamedes  Drury  on  Persea  borbonia  and  Sassafras  albidum 

Papilio  troilus  L.  Blue  Swallowtail  on  Lindera  benzoin.  Magnolia  virginiana  and  Sassafras  albidum 
Nymphalidae 

Polygona  interrogationis  (Fabricius)  on  Liriodendron  tulipifera 

DIPTERA 

Chironomidae 

Cricotopus  sp.  on  Nelumbo  lutea 
Cecidomyiidae 

Cecidomyia  hageni  Aldr.  Leaf  gall  on  Aristolichia  macrophylla 

Cecidomyia  tulipiferae  O.S.  Tulip-tree  Midrib  Gall  on  Liriodendron  tulipifera 

Cecidomyia  sp.  on  Lindera  benzoin 

Cecidoymia  sp.  Tulip-tree  Vein  Gall  on  Liriodendron  tulipifera 
Dasineura  sassafras  Felt  on  Sassafras  albidum 
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Lasioptera  linderae  Beutm.  Spicebush  Stem  Gall  on  Lindera  benzoin 
Neolasioptera  liriodendri  (Felt)  on  Liriodendron  tulipifera 
Cecidomyiidae 

Thecodiplosis  liriodendri  O.S.  Tulip-tree  Spot  Gall  on  Liriodendron  tulipifera 
Tabanidae 

Chrysops  sp.  on  Nelumbo  lutea 
Syrphidae 

Allograpta  obliqua  Say  on  Nelumbo  lutea 
Eristalis  tenax  (L.)  on  Nelumbo  lutea 
Eristalis  sp.  on  Nelumbo  lutea  and  Nuphar  luteutn 
Helophilus  divisus  Loew.  on  Nelumbo  lutea 
Parhelelophilus  laetus  (Loew.)  on  Nelumbo  lutea 
Sphaerophoria  cylindrica  (Say)  on  Nelumbo  lutea 
Sphaerophoria  sp.  on  Nelumbo  lutea 
Sphecomyia  sp.  on  Nelumbo  lutea 
Syrphus  rectus  (Osten  Sacken)  on  Nelumbo  lutea 
Calliphoridae 

Calliphora  vomitoria  L.  on  Nuphar  luteum 
Muscidae 

Limnophora  naroma  (Walker)  on  Nelumbo  lutea 
Scatophagidae 

Scatophaga  sp.  on  Nuphar  luteum 
Ephydridae 

Htjdrellia  sp.  on  Nelumbo  lutea 
Notiphilia  sp.  on  Nuphar  luteum 
Chloropidae 

Eriobolis  longulus  (Loew.)  on  Nelumbo  lutea 


HYMENOPTERA 

Andrenidae 

Andrena  carlini  carlini  Cockerell  on  Sassafras  albidum 
Andrena  salictaria  Robertson  on  Sassafras  albidu/n 
Andrena  ceanothi  Viereck  on  Sassafras  albidum 
Andrena  forbesii  Robertson  on  Sassafras  albidum 
Andrena  hippotes  Robertson  on  Sassafras  albidum 
Halictidae 

Agapostemon  radiatus  (Say)  on  Nelumbo  lutea 

Agapostemon  virescens  (Fab.)  on  Nymphaea  odorata 

Augochlorella  striata  (Provaneher)  on  Nelumbo  lutea 

Dialictus  cressonii  (Robertson)  on  Sassafras  albiduin 

Dialictus  illinoensis  (Robertson)  on  Sassafras  albidum 

Dialictus  inconspicuus  (Smith)  on  Nelumbo  lutea  and  Sassafras  albidum 

Dialictus  nymphaearum  (Robertson)  on  Nelumbo  lutea  and  Nymphaea  odorata 

Dialictus  zephyrus  (Smith)  on  Sassafras  albidum 

Dialictus  sp.  on  Nelumbo  lutea 

Evylaeus  arcuatus  (Robertson)  on  Sassafras  albidum 

Evylaeus  nelumbonis  (Robertson)  on  Nelumbo  lutea,  Nuphar  luteum,  and  Nymphaea  odorata 
Evylaeus  pectoralis  (Smith)  on  Nuphar  luteum 

Halictus  rubricundus  (Christ)  on  Nelumbo  lutea  and  Sassafras  albidum 
Lasioglossum  zonulum  (Smith)  on  Nelumbo  lutea 
Sphecodes  dichrous  Smith  on  Sassafras  albidum 
Sphecodes  minor  Robertson  on  Sassafras  albidum 
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Megachilidae 

Osmia  pumila  Cresson  pollinating  Sassafras  albidum 
Apidae 

Apis  mellifera  L.  Honey  Bee  on  Nelumbo  lutea  and  Nuphar  luteum 
Bombus  bimaculatus  Cresson  on  Nelumbo  lutea 
Bombus  impatiens  Cresson  on  Nelumbo  lutea 
Bombus  pennsylvanicus  (DeGeer)  on  Nelumbo  lutea 
Bombus  vagans  F.  Smith  on  Nelumbo  lutea 
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1.  Mitchell,  Richard  S.  and  J.  Kenneth  Dean,  1978.  Polygonaceae,  (Buckwheat  Family)  of  New  York  State.  Con¬ 

tributions  to  a  Flora  of  New  York  State  I.  N.  Y.  State  Museum  Bull.  No.  431,  81  p. 

2.  Mitchell,  Richard  S.  and  Ernest  O.  Beal.  1979.  Magnoliaceae  through  Ceratophyllaceae  of  New  York  State. 

Contributions  to  a  Flora  of  New  York  State  II.  N.  Y.  State  Museum  Bull.  No.  435,  62  p. 


1  To  purchase  copies  of  these  publications,  contact: 

Gift  &  Exchange  Section 
New  York  State  Library 
Albany,  New  York  12234 
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FOREWORD 

The  Fourteenth  Annual  Forum  on  Industrial  Minerals  was  held  in  Albany,  New  York  on 
May  4-6,  1978,  under  the  sponsorship  of  most  of  the  professional,  academic,  and  govern¬ 
mental  agencies  in  the  New  York  Capital  District  that  employ  geologists.  The  two  themes 
for  the  Forum  were  chosen  because  of  the  diverse  geologic  structure  and  stratigraphy 
controlling  the  locations  of  mineral  deposits  in  the  northeastern  United  States  and  the 
complex  problems  associated  with  regulating  the  development  of  these  deposits. 

The  meeting  was  dedicated  to  those  geologists  who  have  inspired  intelligent  regulation 
of  mineral  resource  development  at  the  State  level.  Two  such  persons  are  previous  State 
Geologists  of  New  York,  John  G.  Broughton  and  James  F.  Davis,  who  originally  invited  the 
Forum  to  the  New  York  Capital  District.  Their  inspiration  has  been  carried  forward  by  a 
dedicated  team  of  professional  geologists  associated  with  Dunn  Geoscience  Corporation  who 
planned  and  held  the  conference. 

The  enthusiasm  provided  by  the  participants  in  this  Fourteenth  Forum  reflects  our 
resolve  to  work  more  diligently  toward  forming  a  rational  Federal  mineral  development 
policy.  At  the  present  time,  the  Federal  government  has  not  crystallized  such  a  policy.  We 
hope  that  the  work  described  here  will  provide  some  suggestions  for  solutions  to  this 
desperate  condition. 


W.  E.  Cutcliffe 
Coordinator 

R.  H.  Fakundiny 
State  Geologist 
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Theme  I  Production  of  Industrial  Minerals  as  Related  to  Regulatory  Constraints 


INDUSTRIAL  MINERALS  AND  THE  MINING  LAW 

Andrew  J.  Regis 

U.S.  Bureau  of  Land  Management 


ABSTRACT 

The  physical  and  chemical  properties  of  non-energy,  locat- 
able  minerals,  as  defined  under  the  1872  Mining  Law,  are 
receiving  closer  scrutiny  by  the  Bureau  of  Land  Management 
(BLM).  Increasing  pressure  to  determine,  for  such  industrial 
minerals  as  clays,  zeolites,  limestone  and  silica  sands,  which 
minerals  are  locatable  under  the  mining  law  and  which  are 
“common  variety  and  thus  subject  to  the  Material  Sales  Act 
of  1955  have  forced  the  BLM  to  reexamine  properties  that 
make  materials  exceptional  or  unique.  Non-metallic  minerals 
with  exceptional  or  unique  properties  are  locatable,  the  re¬ 
mainder  are  common  variety. 

The  loeatability  of  limestone,  perlite,  silica  sand,  gypsum 
has  in  the  past  been  decided  on  a  case-by-case  basis,  often 
without  any  substantial  guidelines.  The  BLM  will  attempt  to 
offer  better  guidelines  on  the  legal  deposition  of  these  mate¬ 
rials,  subject,  however,  to  detailed  investigations  of  the  facts 
involved  in  each  specific  deposit. 

INTRODUCTION 

The  Bureau  of  Land  Management  (BLM)  has  the  responsi¬ 
bility  to  manage  and  dispose  of  industrial  minerals  on  more 
than  half  of  all  federally  owned  lands.  As  the  nations  largest 
Federal  landlord,  BLM  has  management  responsibility  for 
both  the  lands  and  minerals  on  474  million  acres,  the  mineral 
estate  on  an  additional  573  million  acres  of  subaereal  and 
about  one  billion  acres  of  the  submerged  lands  of  the  Outer 
Continental  Shelf.  Beside  lands  and  minerals,  BLM  also 
manages  the  forest,  range  vegetation,  recreation,  wildlife 
habitat,  soil  and  water  of  these  areas.  The  mineral  estate, 
owned  by  all  the  people,  includes  not  only  all  industrial 
minerals,  but  also  oil  and  gas,  geothermal  steam,  coal,  oil 
shale,  uranium  and  a  variety  of  other  mineral  materials  such 
as  base  metals. 

The  regulation  of  industrial  minerals  on  public  domain 
lands,  however,  has  been  confused  since  the  passage  of  the 
Material  Sales  Act  of  1955.  This  is  evident  from  the  observa¬ 
tion  that  litigation  has  been  extensive  and  that  nearly  75 
percent  of  all  special  administrative  decisions  have  involved 
industrial  minerals.  In  fact,  during  the  last  10  years  most  of 
the  landmark  decisions  in  contest  proceedings  have  involved 
industrial  minerals.  The  Coleman  (1968)  decision,  which  in¬ 
volved  quartzite,  established  the  “marketability  concept”  as  a 
natural  supplement  to  the  “prudent-man  rule.”  The  Kosanke 
(1973)  decision,  which  involved  silica  sand,  established  the 
fact  that  an  environmental  impact  statement  is  not  required 
in  order  to  patent  a  mining  claim.  In  U.S.  vs.  Union  Carbide 
(1977),  zeolites,  which  have  become  an  important  industrial 
mineral  for  environmental  clean-up,  were  determined  to  be  a 
locatable  mineral  under  the  mining  law  and  not  subject  to 
leasing.  U.S.  vs.  McClarty  (1974)  attempted  to  clarify  the 


term  “exceptional  nature”  used  to  define  common  vs.  un¬ 
common  varieties  of  industrial  minerals  or  materials.  Building 
stone,  which  clearly  has  unique  physical  properties,  was  de¬ 
clared  to  be  uncommon  and  thus  locatable  under  the  mining 
law  in  a  decision  from  U.S.  vs.  McCormick  (1976).  The 
definition  of  excess  reserves  has  been  decided  through  deci¬ 
sions  such  as  U.S.  vs.  Anderson  (1967),  a  case  that  involved 
perlite.  The  loeatability  of  bentonite  clays  under  the  mining 
laws  was  heard  in  a  four-week  contest  early  in  1978.  A 
decision  concerning  the  grade  or  properties  limestone  must 
possess  to  be  classified  as  a  locatable  or  uncommon  variety 
was  rendered  in  U.S.  os.  Pfizer  (1969).  In  this  contest  it  was 
held  that  a  limestone  containing  95  percent  or  more  of  Ca 
and  Mg  carbonates  is  an  uncommon  variety  of  limestone  and 
subject  to  location  under  the  mining  laws.  A  more  recent 
decision,  U.S.  os.  Foresyth  (1974),  held  that  even  though  a 
limestone  may  contain  95  percent  Ca  carbonate,  it  still  must 
be  shown  that  the  limestone  can  be  mined,  removed  and 
marketed  at  a  profit  in  order  to  satisfy  the  requirements  for 
discovery  under  the  mining  laws. 

Why  All  the  Confusion? 

The  reason  for  the  proliferation  of  decisions  concerning 
industrial  minerals  is  that  these  mineral  materials  are  regula¬ 
ted  by  all  three  of  the  mining  laws  now  in  existence: 

Locatable  (1872  Mining  Law) 

Leasable  (1920  Leasing  Act) 

Saleable  (Minerals  Materials  Act— 1955) 

A  particular  mineral  commodity  can  be  classified  as  either 
locatable,  leasable,  or  saleable,  alternatively  as  a  “common 
variety,”  which  is  wide-spread  in  occurrence,  or  an  “uncom¬ 
mon  variety,”  which  possesses  exceptional  properties.  This 
complicated  situation  produces  various  interpretations  of  how 
to  define  and  regulate  these  mineral  materials.  The  one  piece 
of  legislation,  however,  that  initiated  the  avalanche  of  court 
decisions  previously  mentioned,  is  the  Material  Sales  Act  of 
1955.  This  act  specifically  set  aside  as  “common  variety 
sand,  stone,  cinders,  gravel,  pumice,  pumicite,  clay.  The  act 
went  on  to  state  that  limestone  suitable  for  use  in  the  pro¬ 
duction  of  cement,  metallurgical  or  chemical  grade  lime¬ 
stone,  gypsum  and  similar  items  with  special  uses  are  not 
“common”  varieties.  Thus,  in  order  for  a  limestone  claim  that 
has  been  located  after  July  13,  1955,  to  be  valid,  the  lime¬ 
stone  must  be  either  chemical  grade,  metallurgical  grade  or 
of  a  grade  suitable  for  the  production  of  cement.  The  act 
failed  to  describe  the  chemical  and  physical  properties  of 
such  grades  of  limestone,  The  term  “and  other  mineral  mate¬ 
rials”  is  also  non-deseriptive  and  leads  to  confused  interpreta¬ 
tions. 
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Future  Trends 


These  uncertainties  and  the  accelerating  search  for  more 
industrial  mineral  deposits  has  caused  the  BLM  to  more 
closely  scrutinize  the  physical  and  chemical  properties  of 
these  materials.  There  is  increasing  pressure  to  determine 
which  mineral  materials,  such  as  clays,  zeolites,  limestone, 
silica  sands,  diatomaceous  earth,  building  stone  and 
pegmatite  minerals,  are  locatable  under  the  1872  Mining 
Law  and  which  are  common  variety  under  the  1955  Material 
Sales  Act.  Although  one  can  mine  and  market  a  mineral,  this 
does  not  make  it  a  locatable  mineral  under  the  mining  law.  If 
this  mineral  material  is  not  locatable  under  one  mining  law, 
it  should  not  be  precluded  from  disposal  under  another. 

The  BLM  has  begun  a  program  to  define,  by  establishing 
criteria  derived  from  basic  scientific  investigations,  the 
unique  or  exceptional  qualities  a  mineral  material  must  have 
to  be  classified  as  a  locatable  mineral.  By  establishing  such 
guidelines,  the  BLM  should  be  able  to  direct  more  efficiently 
the  proper  disposal  of  mineral  materials.  This  should  reduce 
the  number  of  costly  court  proceedings  common  among  the 
industrial  minerals. 

The  BLM  has  just  finished  such  a  study  on  bentonite.  This 
study  was  initiated  because  the  solicitor  ruled  in  1972  that 
"high-grade  bentonite  is  locatable.  However,  there  was  no 
description  or  definition  of  "  high-grade  bentonite.  We  be¬ 
lieve  we  have  defined  high  grade  bentonite  during  a  two- 
year  research  program  on  the  correlation  of  the  exchangeable 
chemistry  and  mineralogy  of  bentonite  clays  with  their  physi¬ 
cal  properties.  The  results  have  been  published  in  two  tech¬ 
nical  notes  (Regis,  1978  a,  b). 

The  Interior  Board  of  Land  Appeals  has  ruled  that  “cer¬ 
tain”  zeolites  in  Arizona  are  locatable,  but  left  open  the 
question  as  to  whether  all  zeolites  are  locatable.  Conse¬ 
quently,  a  similar  study  has  been  initiated  at  BLM  that 
investigates  the  exchangeable  "chemistry,  mineralogy  and  ad¬ 
sorptive  properties  of  natural  zeolites  in  the  western  U.S. 
This  study  should  provide  guidelines  and  criteria  for  identify¬ 
ing  those  zeolites  that  possess  unique  or  exceptional  proper¬ 
ties. 

The  BLM  has  established  criteria  and  guidelines  on  the 
properties  that  limestone  deposits  must  possess  for  various 
uses  and  have  correlated  these  properties  and  uses  with  their 
disposition  under  various  mining  laws. 


New  uses  of  industrial  minerals,  especially  environmentally 
oriented  ones,  require  studies  similar  to  those  mentioned 
above.  For  example,  although  much  has  been  written  on  the 
use  of  limestone  as  a  scrubber  in  sulfur  oxide  removal,  little 
is  known  about  the  specifications  a  deposit  must  have  to 
meet  this  demand.  Zeolites  are  increasingly  demanded  as  an 
environmental  clean-up  mineral.  Yet  practically  nothing  is 
known  about  the  properties  a  deposit  must  have  in  order  to 
meet  those  demands.  Shepherd  (1973)  has  conservatively  es¬ 
timated  that  at  least  10  trillion  tons  of  natural  zeolites  occur 
in  the  western  U.S.  alone.  Are  natural  zeolites  wide-spread 
and  thus  a  common  variety? 

The  locatability  of  limestone,  perlite,  clays,  gypsum  and 
similar  commodities  has  in  the  past  been  determined  on  a 
case-by-case  basis,  often  without  any  substantial  guidelines. 
The  BLM  will  attempt  to  offer  better  guidelines  on  the  legal 
disposition  of  these  materials,  subject,  however,  to  detailed 
investigations  of  the  facts  involved  in  each  specific  deposit. 
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Charles  M.  Preston,  Esq. 
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ABSTRACT 

Carroll  County,  Maryland,  is  in  the  process  of  revising 
their  zoning  ordinance  to  address  such  problems  associated 
with  mining  and  quarrying  as:  (1)  assuring  that  any  mining 
that  is  done  in  the  future  is  compatible  with  acceptable 
environmental  practices;  (2)  making  certain  that  development 
of  potential  mineral  resources  is  not  prevented  in  the  future; 
and,  (3)  making  any  changes  in  the  ordinances  compatible 
with  Maryland  State  laws. 

The  concept  of  a  Mineral  Resource  Overlay  (MRO)  zone 
has  been  evolved.  The  MRO  zone  is  superimposed  on  other 
zoning  districts,  such  as  agriculture,  where  mining  is 
generally  a  compatible  activity.  The  MRO  zone  places  as  few 
restrictions  as  possible  on  the  underlying  zones  so  that  other 
human  activities  are  not  prevented  because  of  the  remote 
possibility  of  a  future  economic  mineral  deposit  being  found 
or  mined.  The  MRO  zone  boundaries  in  Carroll  County  at 
this  time  largely  coincide  with  the  most  obvious  economic 
mineral  unit — the  Wakefield  Marble — where  all  properties 
held  by  mineral  producing  companies  are  found.  The  MRO 
zone  can  be  expanded  or  reduced  in  size  if  a  knowledgeable 
individual  or  organization  demonstrates  mineral  potential  or 
lack  thereof. 

INTRODUCTION 
Nature  of  the  Problem 

Virtually  all  responsible  people  recognize  the  importance 
of  mineral  materials  in  their  lives;  after  all,  minerals  are 
critical  to  almost  every  phase  of  human  activity.  The  need  for 
mineral  resources  promises  to  increase  in  the  long  run  no 
matter  what  course  our  world  ultimately  takes.*  Yet,  in  spite 
of  their  recognized  importance,  the  total  land  area  where 
minerals  can  be  recovered  in  the  United  States  has  been 
radically  reduced  in  recent  years,  largely  because  of  govern¬ 
mental  policies.  The  situation  is  not  a  recent  phenomenon; 
the  Romans,  starting  about  200  A.D.,  stopped  all  mining  in 
the  Italian  Peninsula.  (We  do  not  suggest  that  the  cessation 
of  mining  in  Italy  caused  the  fall  of  the  Roman  Empire. 
However,  a  societal  softness  that  could  not  tolerate  any  per¬ 
sonal  inconveniences  may  have  significantly  contributed  both 
to  the  closing  of  the  mines  and  to  the  deterioration  of  the 
Empire.) 

*  It  should  be  pointed  out  here  that  many  of  the  planned  or  sug¬ 
gested  environmental  programs  are  highly  resource-intensive.  Ev¬ 
eryone  is  familiar  with  vast  quantities  of  limestone  needed  for  S02 
stack  scrubbing.  But  collection  of  energy  from  the  sun  or  the  wind 
also  will  require  large  quantities  of  mineral  materials  (the  main 
reason  they  are  so  expensive);  and  less  use  of  pesticides  and 
herbicides,  following  Barry  Commoner’s  scenario,  will  require 
more  land  for  agriculture  and  hence  more  machinery  and  more 
fertilizers  and  more  energy. 


One  area  where  mineral  recovery  is  under  increasing 
stress  is  in  the  towns  and  counties  of  the  United  States  that 
have  zoning  regulations,  even  though  existing  mines  and 
quarries  and  their  reserves  have  been  protected  for  the  most 
part  by  grandfather  clauses  in  those  ordinances.  In  addition, 
some  political  entities  have  set  aside  tracts  of  land  for  future 
mineral  production,  a  policy  that  appears  to  be  farsighted. 
But  the  long-range  results  have  proven  disappointing.  For 
instance,  in  the  well-known  zoning  ordinance  for  Fairfax 
County,  Virginia,  mineral  aggregate  reserves  were  set  aside 
in  1962  but  they  lasted  for  only  fifteen  years.  Now  that  the 
minerals  are  virtually  depleted,  there  is  no  mechanism  for 
starting  new  operations,  and  hence  most  aggregates  are  now 
imported  into  Fairfax  County.  Other  mineral  resource  zones 
have  similar  problems  because  the  mineral  lands  set  aside 
are  only  finite  while  mineral  demand  expands. 

One  might  ask  why  farsighted  mineral  management  ordi¬ 
nances  are  so  difficult  to  develop.  We  think  that  probably 
most  parties  who  take  part  in  the  writing  of  ordinances  are 
not  particularly  knowledgeable  or  concerned  with  long-term 
mineral  management  in  broad  public-interest  terms.  The  ne¬ 
gotiating  mineral  producers  are  interested  in  relatively  short¬ 
term  gains  because  it  is  not  usually  the  nature  of  mineral 
producers  to  recommend  any  mineral  resource  zones  that 
enclose  large  areas  that  are  not  under  their  control.  After  all, 
who  wants  to  encourage  competition.  Thus,  the  land  that 
producers  usually  recommend  setting  aside  for  future  mineral 
production  is  land  that  they  control. 

Planners,  the  other  major  parties  to  the  development  of 
zoning  ordinances,  have  generally  not  proven  knowledgeable 
about  mechanisms  required  for  long-term  mineral  manage¬ 
ment.  Given  the  fashionable  “appropriate  technology,” 
“think  small,”  or  “no-growth,”  philosophies,  there  is  little 
reason  to  expect  that  this  situation  might  improve.  In  the 
future,  planners  might  be  even  less  motivated  toward  en¬ 
couraging  long-term  management  or  development  of  industry 
in  general,  and  more  inclined  toward  restricting  its  existence. 

Ideally,  the  representatives  of  the  public  in  problems  of 
mineral  management  should  be  the  geologic  survey  organiza¬ 
tions.  For  various  reasons,  however,  their  input  into  matters 
pertaining  to  zoning  regulations  has  not  resulted  in  long-term 
mineral  management  guidelines  or  policies.  Further,  current 
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perspectives  of  the  policy-makers  of  the  U.S.  Interior  De¬ 
partment  do  not  give  assurance  that  they  will  develop  long¬ 
term  public  interest  mineral  policy.  Their  concern  appears  to 
be  more  with  preservation  and  growth  control  than  with 
mineral  development. 

The  general  public  or  consumer  ultimately  pays  for  its  lack 
of  knowledge  about  mineral  management.  Further,  nothing 
in  our  educational  system  nor  in  the  perspective  of  the  pop¬ 
ular  communications  media  gives  one  reason  to  be  optimistic 
about  the  public’s  opportunity  to  obtain  such  knowledge  in 
the  future. 

Because  of  the  general  lack  of  knowledge  about  mineral 
resources  and  the  philosophical  conflicts  involving  the  en¬ 
vironment  and  growth,  it  is  difficult  to  write  any  ordinance, 
rules  or  regulations  that  are  in  the  public  interest.  It  is  not 
even  clear  what  the  meaning  of  the  expression  “public  inter¬ 
est  is,  because  it  has  been  so  loosely  or  pretentiously  used. 
Clearly,  any  attempt  to  manage  anything  in  the  public  inter¬ 
est  must  start  with  a  definition  of  what  is  meant  by  “public 
interest.” 

For  the  purposes  of  writing  a  minerals  management  ordi¬ 
nance  for  Carroll  County,  public  interest  is  seen  as  that 
sort  of  program  which  the  public  might  favor.  We  feel  that  if 
the  voting  public  were  to  decide  what  a  mineral  resource 
policy  should  achieve,  it  might  be  this:  “Mineral  materials  of 
usable  quality  and  in  reasonable  quantity  should  be  available 
to  the  general  public  at  reasonable  prices  and  at  an  accept¬ 
able  environmental  cost  or,  preferably,  at  an  environmental 
gain.  “Reasonable  price  is  defined  as  a  cost  which  the 
public  can  afford  or  which  does  not  contribute  to  inflationary 
pressures,  “Acceptable  environmental  cost”  is  particularly 
difficult  to  define  because  some  environmental  purists  may 
accept  no  disruption  whatever  of  the  ground  surface  even  if 
it  will  later  be  rehabilitated.  It  is  assumed  that  most  people 
will  accept  mining  activity  in  general  so  long  as  the  pro¬ 
ducers  do  those  things  that  are  possible  and  reasonable  to 
minimize  the  negative  aspects  of  mineral  production. 

We  feel  that  the  above  statement  is  modest,  apolitical,  and 
what  the  general  public  might  vote  for  were  it  ever  given  an 
opportunity.  We  also  feel  that  this  statement  has  never  been 
a  clear  basis  for  public  policy  decisions  involving  minerals. 

WHY  CARROLL  COUNTY? 

Carroll  County  became  interested  in  a  new  zoning  ordi¬ 
nance  due  to  an  apparent  diminishing  of  the  availability  of 
important  local  mineral  resources,  particularly  stone.  Of 
course,  Carroll  County,  Maryland,  appears  to  be  a  very  un¬ 
likely  place  in  which  to  develop  a  mineral  management  or¬ 
dinance,  because  there  is  little  quarrying  activity  and  very 
little  likelihood  of  any  future  major  mineral  industry.  Yet,  in 
a  way,  Carroll  County  may  be  ideal  because  it  has  all  of  the 
typical  public  pressures  on  the  mineral  industry  that  exist  in 
the  more  populated  regions  of  the  United  States.  Further, 
the  County  does  not  have  a  major  mining  industry  that 
could,  potentially,  influence  thinking  toward  following  the 
short-term  interests  of  the  mineral  industry.  In  addition,  in  a 
curious  way,  Carroll  County  is  a  microcosm  of  the  history  of 
mineral  use  and  production.  Although  there  is  little  current 
mining  activity  in  Carroll  County,  some  250  old  mines  and 
prospects  have  been  located  (Kuff,  1977).  Copper,  gold,  talc 
(for  bathtubs),  marble  (for  lime),  iron,  quartz  (for  gun  flint), 
and  stone  (for  house  and  barn  foundations)  have  all  been 
mined  in  the  past.  It  is  probable  that  no  mineral  resource  in 


Carroll  County  has  ever  been  physically  depleted,  The  re¬ 
sources  have,  however,  become  economically  depleted  be¬ 
cause  other  mineral  materials  largely  produced  more 
effectively  elsewhere  have  taken  over  the  markets  or  because 
less  expensive  ways  of  filling  human  mineral  needs  have 
been  found.  Thus  the  history  of  mineral  production  in  Car- 
roll  County  is  a  reflection  of  the  general  character  of  mineral 
production  in  which  the  nature  of  economic  minerals  changes 
and  the  production  that  occurs  moves  toward  fewer  and 
larger  producers. 

PURPOSES  OF  THE  ORDINANCE 

The  proposed  ordinance  has  the  following  purposes: 

(1)  To  fit  into  the  existing  ordinance  and  into  existing  or 
possibly  new  state  laws  governing  zoning  ordinances. 

(2)  To  insure  that  mining  activity  be  compatible  with  the 
public  wish  for  reasonable  and  workable  environmental 
constraints. 

(3)  To  provide  that  future  potential  economic  mineral  de¬ 
posits  should  not  be  “locked  up  forever.” 

(4)  To  structure  the  use  and  management  regulations  so  that 
the  potential  for  mining  deposits  of  an  indefinite  nature  at 
some  indefinite  future  date  should  not  be  a  deterrent  to 
all  other  activities. 

The  Mineral  Planning  Riddle 

How  to  plan  for  future  mining  is  a  puzzle  for  planners 
which  may  be  expressed  as  follows:  “Minerals  are  important 
and  somehow  we  must  allow  for  their  future  development. 
Yet  the  history  of  civilization  has  consistently  shown  that  the 
nature  of  mineral  deposits  of  potential  importance  in  the 
future  has  not  been  predictable.  Thus,  how  can  land  be  set 
aside  for  future  mineral  extraction  when  the  location  of  all 
potentially  economic  mineral  deposits  is  not  known?” 

Further  factors  to  be  considered  are:  (1)  virtually  any  min¬ 
eral  material  under  some  circumstances  has  value,  but,  at 
best,  only  some  land  can  be  set  aside  for  mineral  extraction, 
(2)  mining  activity  is  highly  variable  in  its  environmental 
impact;  for  instance,  open  pitting  as  compared  with  under¬ 
ground  mining.  (3)  all  uses  for  land  are  not  compatible  with 
mining  activity. 

Zoning  for  minerals,  thus,  must  have  a  flexibility  that  is 
greater  than  for  most  zoning  categories.  This  requirement 
mandates  a  certain  humbleness  on  the  part  of  both  planners 
and  geologists,  for  both  groups  have  to  admit  that  they  do 
not  know  all  future  trends  either  for  land  use  or  for  mineral 
use.  The  humbleness  requires  that  geologists  be  aware  that 
any  inventory  of  potential  mineral  deposits  for  planning  pur¬ 
poses  is  rather  pretentious  because  future  mineral  resource 
values  are  based  upon  cost,  technology,  societal  needs,  and 
political  motivations  and  none  of  the  variables  is  predictable. 
In  addition,  zoning  ordinances  “cast  in  bronze”  should  also 
be  understood  to  be  pretentious  exercises,  especially  so  far  as 
minerals  are  concerned. 

THE  ORDINANCE 
Mineral  Resource  Overlay 

The  basic  concept  evolved  is  the  Mineral  Resource  Over¬ 
lay  (MRO)  zone,  which  is  superimposed  largely  on  agricul¬ 
tural  zones.  The  MRO  zone  is  designed  to  coincide  with 
known  economic  mineral  resources  in  the  County.  In-depth 


4 


studies  and  surveys  indicate  that  currently  the  only  such 
resource  is  the  Wakefield  marble.  The  only  active  mineral 
operation  in  Carroll  County,  Flintkote’s  H.T.  Campbell  Sons’ 
quarry,  along  with  substantial  reserves  of  Lehigh  Portland 
Cement  Corporation,  are  both  in  the  Wakefield  marble  belt. 
In  detail,  the  shape  of  the  MRO  zone  is  modified  to  allow  a 
buffer  area  of  2,000  feet  between  the  MRO  zone  and  existing 
residential  zones.  All  land  uses  that  are  compatible  with 
mineral  extraction  are  allowed  in  MRO  zones. 

Flexibility 

Because  all  future  potentially  valuable  mineral  deposits  are 
not  known,  and  because  present  deposits  may  be  depleted  or 
lose  value,  the  MRO  zone  is  flexible  and  can  be  expanded  or 
reduced.  Maryland  zoning  law  has  been  recognized  as  one  of 
the  more  restrictive  in  the  nation  due  to  the  “Change  and 
Mistake  Rule,”  often  called  “the  Maryland  Rule.”  Changes  in 
zoning  are  predicated  upon  demonstrating  that  a  mistake  was 
made  in  the  original  ordinance.  Consequently,  it  was  neces¬ 
sary  to  frame  the  new  ordinance  so  that  the  intended  flexibil¬ 
ity  could  be  maintained.  The  creation,  expansion,  reduction 
or  elimination  of  an  MRO  area  is  subject  to  a  public  hearing 
process. 

Developing  Deposits 

Mineral  deposits  can  be  opened  up  anywhere  within  an 
MRO  zone  and  permits  to  mine  are  issued  provided  that 
specified  procedural  and  environmental  regulations  are  fol¬ 
lowed.  Conversely,  failure  to  conform  to  environmental  and 
procedural  constraints  will  lead  to  an  operation  being  closed 
or  to  an  application  for  permit  being  denied.  Within  an 
MRO  zone,  the  permit  procedure  does  not  involve  public 
hearings. 

Compatible  Land  Uses 

The  uses  that  are  allowed  in  the  MRO  zone  are  largely  of 
two  categories:  (1)  those  that  do  not  prevent  future  mining, 
and  (2)  those  that  can  be  housed  in  mined-out  underground 
space.  The  reason  for  stressing  the  latter  types  of  uses  is  to 
encourage  the  creation  of  usable  underground  space.  It  is 
well  known  that  such  space  is  very  valuable  because  it  is 
inexpensive  to  use,  costs  little  or  nothing  to  heat  and  main¬ 
tain,  and  uses  minimal  additional  resources  to  make  func¬ 
tional.  The  use  of  such  space  multiplies  resources  in  the 


sense  that  the  use  of  one  resource  creates  another.  In  addi¬ 
tion,  the  ground  surface  above  such  space  is  still  available  for 
other  uses. 

Environmental  Considerations 

Most  environmental  regulations  are  written  into  the  ordi¬ 
nance.  They  cover  such  things  as  slope  angles,  fencing, 
drainage,  water  diversion,  sinkholes,  blasting,  landscaping, 
and  reclamation.  Although  the  environmental  restrictions  are 
tough,  they  are  fair  and  most  modern  mining  companies 
expect  them  and  can  live  with  them. 

Effect  on  Carroll  County  and  Other  Areas 

Does  the  ordinance  mean  that  Carroll  County,  Maryland, 
will  become  a  major  mining  community?  Geologists  know 
that  by  no  stretch  of  the  imagination  is  Carroll  County  min¬ 
eral-rich.  In  fact,  in  a  perverse  way,  the  MRO  zone  is,  if 
anything,  antidevelopmental,  for  it  places  some  added  re¬ 
strictions  on  development  of  the  underlying  zones.  Thus  peo¬ 
ple  living  in  the  current  MRO  zones  are  statistically  less 
likely  to  be  in  areas  of  general  future  development  than  if 
they  had  a  home  in  non-MRO  zones. 

The  greater  importance  of  the  Carroll  County  ordinance  is 
that  if  it  withstands  critical  analysis,  legal  tests  and  the  test  of 
time,  and  hence  proves  to  be  workable,  it  might  serve  as  a 
model  for  other  communities.  The  impact  could  be  that  those 
rare  mineral  concentrations  that  combine  the  fortutious  set  of 
circumstances  that  render  them  of  eeonorrtic  importance  can 
be  developed.  The  national  impact  could  be  to  make  many 
valuable  mineral  deposits  available.  This  appears  to  he  in  our 
nation  s  interest.  Conversely,  the  noticeable  physical  impact 
on  all  but  a  few  communities  in  the  LInited  States  at  any  one 
time  would  be  trivial.  The  general  use  of  an  ordinance  of  this 
type  could  contribute  significantly  to  making  the  United 
States  less  dependent  on  unreliable  and  economically  costly 
foreign  mineral  materials.  In  addition,  for  most  people  in  the 
United  States  the  things  that  they  buy  could  cost  a  little  less 
and  the  dollar  could  be  worth  a  little  more — a  trend  that 
would  be  a  most  welcome  relief  from  our  current  economic 
picture. 
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INTRODUCTION 


ABSTRACT 

Although  expanding  population  centers  and  subsequent 
land  development  require  a  healthy  mineral  industry,  urban 
development  also  has  created  major  problems  for  industrial 
mineral  producers  by  competing  successfully  for  available 
land.  Zoning  available  land  in  urban  areas  often  ignores  the 
occurrence  of  mineral  deposits. 

Problems  of  quarry  development  are  not  solely  questions 
of  land  availability.  Among  the  major  problems  of  quarries, 
regulatory  problems  are  emphasized.  While  constraints  on 
existing  quarries  and  proposed  quarries  are  generally  similar, 
significant  differences  in  types  of  problems  exist.  For  existing 
quarries  urban  encroachment,  reduction  in  reserves,  quarry 
nuisances  and  stricter  environmental  regulations  are  major 
constraints.  In  locating  proposed  quarries  the  major  con¬ 
straints  are  zoning  restrictions,  the  permit  process,  environ¬ 
mental  objections,  the  threat  of  urban  development,  and  the 
lack  of  a  mineral  resource  conservation  ethic  in  the  planning 
process. 

One  of  the  most  critical  challenges  to  industrial  mineral 
producers  is  the  increasing  amount  of  regulation  by  local 
government  through  zoning  ordinances.  Evaluation  of  the 
concept  of  zoning  districts  for  quarries  indicates  that  the 
concept,  as  presently  implemented,  has  failed  to  solve  the 
problems  of  conserving  mineral  deposits  and  of  regulatory 
controls.  Some  techniques  that  may  minimize  regulatory 
problems  are  government  purchase  of  land,  government  pur¬ 
chase  of  easements,  establishment  of  mineral  conservation 
zones,  and  use  of  special  permits.  A  technique  that  has  great 
potential  to  preserve  mineral  resources  and  at  the  same  time 
minimize  regulatory  problems  is  the  use  of  mineral  conserva¬ 
tion  zones. 

Criteria  for  the  selection  of  mineral  resource  zones  are 
critical  to  the  success  of  zoning  districts  for  quarries.  These 
criteria  are  marketing-demand  studies,  identification  of  en¬ 
vironmental  priorities,  favorability  of  geology,  transportation 
analysis,  land-use  study  and  buffer  zone  standards.  A 
method,  as  presented,  is  to  derive  buffer  zones  by  use  of  a 
mine  site-capacity  calculation  which  can  aid  in  minimizing 
problems  between  mine  operators  and  adjacent  landowners. 
Because  of  potential  legal  issues  involved  in  the  establish¬ 
ment  of  mineral  resource  zones,  a  technique  has  been  formu¬ 
lated  to  preserve  rights  of  landowners  in  the  designated 
mineral  resource  zone.  This  technique  is  the  Transfer  of 
Mineral  Zone-Development  Rights  System  (TMDR).  Provi¬ 
sions  that  are  recommended  to  be  included  in  a  model  ordi¬ 
nance  for  establishment  of  the  mineral  resource  zone  also  are 
listed  and  discussed. 

Because  the  trend  for  zoning  quarry  districts  may  gain 
momentum  in  the  near  future,  involvement  of  mineral  pro¬ 
ducers  in  the  planning  phases  of  the  zoning  process  is  recom¬ 
mended. 


Growth  of  urban  areas  requires  sources  of  inexpensive  in¬ 
dustrial  materials.  Because  attitudes  of  people  during  the  war 
years  and  post-war  years  favored  rapid  growth  (at  times  un¬ 
controlled  growth)  and  relatively  large  undeveloped  areas  still 
existed  around  the  urban  centers,  public  concern  about  the 
inconveniences  associated  with  quarrying  were  not  great.  As 
land  development  approached  quarry  operations,  people  be¬ 
gan  noticing  dust,  traffic  and  noises  associated  with  mining. 
Also,  people  began  to  question  the  virtues  of  growth  and  in 
some  areas  developed  a  no-growth  philosophy.  In  addition, 
past  abuses  by  segments  of  the  mining  industry  were  ob¬ 
served.  Unlike  other  industries  where  mistakes  could  be 
erased,  for  example,  by  demolition  of  the  buildings,  surface 
mines  are  a  relatively  long-term  part  of  the  landscape.  No 
matter  how  well  a  quarry  is  operated  and  adheres  to  environ¬ 
mental  amenities,  a  large  hole  in  the  earth  often  remains. 

To  analyze  the  above  situation,  zoning  in  Pennsylvania  and 
contiguous  New  Jersey,  southern  New  York  and  Connecticut 
was  studied.  Additionally,  data  from  several  court  proceed¬ 
ings  in  which  the  author  was  involved  were  incorporated  into 
the  study. 

Other  factors  being  equal,  the  source  of  supply  for  most 
industrial  minerals  that  is  closest  to  the  point  of  use  will  be 
the  most  successful  operation.  This  is  especially  applicable  to 
such  low-cost  bulk  products  as  sand,  gravel,  and  crushed 
stone.  Transportation  costs,  for  example,  often  exceed  the 
cost  of  the  product  at  the  pit.  Truck  hauling  costs  for  deliv¬ 
ery  distances  of  30  to  35  miles  or  more  generally  will  exceed 
the  pit  price  for  aggregate.  Haul  costs  depend  on  road  condi¬ 
tions,  traffic  densities,  truck  size,  and  hauling  distance.  Be¬ 
cause  of  its  effect  on  transportation  cost,  location  is  as 
important  as  geologic  data  in  the  evaluation  of  a  mine  site. 
The  need  to  be  close  to  the  market  is  also  the  major  cause  of 
many  of  the  problems  faced  by  industrial  mineral  producers. 
Areas  required  for  industrial  development,  residential  land 
needed  for  the  labor  force,  and  commercial  requirements  for 
support  industries  continually  expand.  This  land  develop¬ 
ment  covers  potential  mineral  deposits.  In  most  cases,  no 
zoning  plans  were  considered  to  protect  either  the  quarry  or 
the  new  residents.  Finally,  local  officials  have  often  acted  to 
ban  or  limit  mine  operations,  because  new  residents  com¬ 
plain  about  various  deleterious  impacts  of  quarry  operations, 
such  as  the  safety  of  their  children,  blasting,  dust,  machinery 
noise,  and  traffic. 

PROBLEMS  OF  SURFACE  MINES 

Four  major  categories  of  problems  confront  the  quarry 
operator.  Lack  of  available  land,  one  of  the  most  obvious 
problems,  is  the  result  of  competing  land  uses  that  occur 
because  quarries  are  located  close  to  the  market  area.  Of  the 
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other  three  categories,  environmental  protection,  geology, 
and  government  regulations,  the  latter  is  emphasized  in  this 
paper. 

Existing  Mines 

Although  constraints  on  existing  quarries  and  potential 
quarry  sites  are  similar,  differences  in  types  of  problems 
occur.  Problems  of  existing  quarries  are:  (1)  urban  encroach¬ 
ment;  (2)  increasingly  stricter  environmental  laws;  (3)  nui¬ 
sance-noise,  dust,  unsightliness,  heavy  truck  traffic,  safety 
hazards  to  children;  (4)  loss  of  reserves;  and  (5)  adverse  pub¬ 
lic  opinion,  in  part  the  result  of  past  abuses  of  mineral  pro¬ 
ducers.  Most  of  the  problems  are  related  to  urban 
encroachment.  Few  complaints  are  registered  when  quarries 
are  located  in  rural  or  undeveloped  areas. 

Suburban  development  not  only  covers  potential  quarry 
sites  but  has  “hemmed  in”  existing  quarries  so  that  expansion 
is  difficult.  Therefore,  quarry  companies  tend  to  locate  new 
operations  farther  away  in  more  rural  areas  even  though  the 
highest  quality  deposit  in  a  region  may  be  at  the  original 
site.  New  York  City  and  other  metropolitan  areas  buy  aggre¬ 
gate  materials  at  increasingly  higher  costs  because  available 
resources  are  farther  away  from  the  market.  Loss  of  resources 
not  only  results  directly  from  urban  encroachment  but  can 
be  caused  indirectly  by  stricter  environmental  regulations  in 
developed  areas.  A  combination  of  a  new  minimum  width  for 
benches,  new  setback  requirements,  and  adjacent  residential 
development  can  limit  the  depth  of  mine  expansion.  Often 
the  full  thickness  of  a  high  quality  deposit  may  not  be  mined. 
Additionally,  citizen  irritation  with  quarry  traffic  traveling 
through  new  residential  or  commercial  areas  and  with  noise 
and  dust  often  result  in  the  formation  of  citizen  groups  that 
try  to  block  mine  expansion  or  to  stop  mining  operation 
altogether. 

New  Mines 

For  quarry  operators  who  intend  to  locate  new  quarries, 
the  major  constraints  for  a  proposed  mine  site  are: 

(1)  urban  development  over  or  around  potential  quarry 

sites; 

(2)  threat  of  urban  development  which  could  limit  re¬ 
serves; 

(3)  zoning  restrictions; 

(4)  short-term  permit  renewal  clauses; 

(5)  permit  process; 

(6)  adverse  public  opinion; 

(7)  environmental  objections;  and 

(8)  that  conservation  of  mineral  resources  is  not  included 
as  part  of  the  planning  process. 

Urban  encroachment  and  the  threat  of  urban  develop¬ 
ment,  as  with  existing  quarries,  limit  reserves  and  could 
cause  problems  with  nearby  residents.  However,  if  investiga¬ 
tion  of  development  trends  by  a  quarry  operator  indicates  a 
definite  trend  towards  urbanization  in  the  vicinity  of  the 
potential  site,  a  quarry  operator  has  the  choice  of  locating  a 
quarry  further  away.  Because  of  potential  nuisance  problems 
and  adverse  public  opinion,  existing  zoning  regulations  try  to 
discourage  quarries  by  placing  numerous  restrictions  that  of¬ 
ten  go  beyond  the  regulations  necessary  to  protect  the  envi¬ 


ronment  and  the  citizens  of  a  municipality.  Some  munic¬ 
ipalities  restrict  the  size  of  a  mining  operation  to,  in  effect, 
eliminate  commercial  production.  Ordinances  in  some  towns 
(Stamford  and  Waterford,  Connecticut),  prohibit  some  types 
of  processing  equipment  which,  in  effect,  eliminates  estab¬ 
lishment  of  crushed  stone  quarries  that  require  heavy  pro¬ 
cessing  equipment.  Short-term  permits,  some  for  less  than 
one  year,  often  make  the  capital  investment  for  commercial 
production  too  risky.  An  example  of  restrictive  zoning  is 
Nassau  County,  New  York  (Hudec,  1970),  where  no  new 
quarries  had  been  located  in  the  County  for  several  years. 

Regulation  of  mining,  whether  it  is  by  the  state  or  by  local 
municipalities,  usually  contains  three  categories  of  require¬ 
ments:  pre-mining,  operating  and  post-mining.  The  require¬ 
ments  of  each  category  are  listed  in  Table  1. 


TABLE  1 


Typical  Requirements  of  Surface  Mining  Regulations 


Pre-Mining 

Permit 

Application  Fee 

Public  Hearing 
or  Notice 

Detailed  Mining  Plan 
Reclamation  Plan 


Operating 

Setbacks 

Fencing 

Screening 

Slope  Control 

Excavation  Depth 
Limits 


Post-Mining 

Regrading 

Replanting  Vegeta¬ 
tion 

Final  Slope  Control 

Final  Drainage  Con¬ 
trol 


Performance  Bond  Dust  Control,  Noise 
Control,  Mine  Drain¬ 
age  Control,  Blasting, 

Operating  Hours 

The  time  period  for  the  permit  process  to  be  completed  is 
often  so  long  that  starting  new  mining  operations  is  dis¬ 
couraged.  Risk'  of  land  development  in  adjacent  lands  and 
changing  market  conditions,  production  requirements,  and 
capital  investment  are  factors  that  companies  must  consider 
and  weigh  against  the  possibility  of  several  years  of  legal 
proceedings  during  the  permit  processing  period.  Inexperi¬ 
ence  and  lack  of  training  of  some  officials  who  review  permits 
and  who  are  responsible  for  the  site  investigation  are  major 
factors  that  cause  problems  both  for  quarry  operators  and 
residents. 

Many  of  the  aforementioned  problems  in  establishing  po¬ 
tential  quarries  could  be  minimized  by  integrating  the  man¬ 
agement  of  mineral  resources  with  the  planning  process.  Few 
planners  utilize  planning  techniques  to  insure  that  potential 
mineral  resources  are  properly  managed.  An  example  of  local 
planning  officials’  lack  of  experience  is  a  case  in  Pennsylva¬ 
nia.  Township  officials  changed  the  zoning  designation  of  an 
area  from  residential  to  industrial  adjacent  to  a  quarry  by 
extending  an  existing  industrial  district.  Before  the  zoning 
change  the  area  acted  as  a  buffer  zone  between  a  quarry  and 
other  residents.  After  the  change,  and  because  mining  was 
permitted  in  industrial  districts,  the  quarry  bought  the  land 
for  expansion  of  the  quarry.  Because  the  residents  did  not 
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want  an  expansion  of  the  quarry  which  would  now  border 
their  homes,  a  costly  legal  fight  was  initiated.  Without  think¬ 
ing,  planning  officials  had  created  their  own  problem. 

Often  planning  agencies  are  unaware  of  the  problems  re¬ 
lated  to  quarries.  Many  officials  do  not  know  where  quarries 
are  located,  how  many  exist,  what  the  mines  produce,  or  if 
local  officials  need  professional  planning  help  in  dealing  with 
the  quarries.  As  a  result,  planning  agencies  commonly  do  not 
know  what  the  demand  for  industrial  minerals  is  in  the  area 
covered  by  their  agency  and  if  adequate  sources  exist  to 
supply  the  demand.  Local  officials  often  seek  help  only  to  be 
told  that  the  planning  agency  either  has  no  policy  for  mining, 
that  nothing  can  be  done,  that  it  is  beyond  the  responsibility 
of  the  agency,  or  that  the  legal  issues  are  too  complicated  for 
the  agency  to  act.  Also,  the  legal  problems  related  to  the 
taking  issue  and  the  due  process  question  are  too  controver¬ 
sial  to  address  by  some  planning  bodies.  Therefore,  a  wait- 
and-see  approach  results. 

Some  planners  are  beginning  to  become  aware  of  the  need 
for  solving  the  conflict  between  mineral  development  and 
land  use.  The  Commonwealth  of  Pennsylvania  published  an 
Interim  Policy  Report  (1976),  which,  in  part,  recommended 
policies  to  (1)  maintain  mineral  supplies,  (2)  establish  addi¬ 
tional  regulatory  plans  for  mineral-resource  development, 
and  (3)  use  multiple  or  sequential  land-use  concepts.  This  is 
a  first  step  in  initiating  objectives  to  incorporate  conservation 
of  mineral  resources  in  the  State  planning  process.  However, 
a  large  amount  of  education  still  is  required  to  implement 
these  policies,  to  make  planning  officials  on  other  levels  of 
government  aware  of  the  same  needs,  and  to  adopt  similar 
policy  objectives  for  other  states. 

ZONING  REGULATIONS 

Zoning  regulations  are  increasingly  being  used  by  local 
governments  to  control  mining  activities.  The  trend  of  many 
municipalities  in  southeast  Pennsylvania  in  which  quarries 
are  located  is  to  establish  new  performance  standards  where 
none  existed,  to  update  existing  performance  standards,  and 
to  establish  districts  that  are  zoned  for  quarrying.  Regulations 
are  often  passed  with  little  or  no  consultation  with  mine 
operators.  Also,  for  many  municipalities  faced  with  rising 
costs  technical  expertise  commonly  is  not  utilized.  People 
without  a  technical  background  in  the  required  area  or  with¬ 
out  expert  advice  make  the  decisions. 

The  local  regulation  of  surface  mining  is  generally  through 
performance  standards  within  zoning  ordinances  and  land-use 
controls.  In  Pennsylvania  the  Commonwealth  has  preempted 
the  power  of  municipalities  to  control  the  actual  conduct  of 
the  quarries.  The  permit  process,  mine  operation,  and  recla¬ 
mation  are  within  the  responsibility  of  the  Commonwealth  of 
Pennsylvania.  Some  aspects  of  mining  are  regulated  by  the 
Federal  Government  (e.g.,  MESA,  OSHA).  Local  municipal¬ 
ities  in  Pennsylvania  can  control  locations  of  quarry  sites, 
have  limited  control  of  off-site  impacts  from  mining  opera¬ 
tions  by  the  power  to  prevent  or  abate  public  nuisance 
through  zoning,  have  control  of  traffic  on  local  roads,  and  can 
control  long-range  use  of  the  mined  land.  These  impacts 
include  protection  of  roads  from  premature  deterioration  and 
hazard.  In  other  states,  for  example,  Connecticut,  local 
municipalities  can  control  the  permit  process  and  the  mine 
operation. 

Control  of  off-site  impacts  of  mine  operations  at  the  local 
level  of  government  in  Pennsylvania  generally  is  a  process  of 


establishing  performance  standards  in  compliance  with  state 
regulations.  The  degree  of  success  of  the  standards  to  control 
off-site  impacts,  however,  is  variable.  Many  times  the  exist¬ 
ing  regulations  are  outdated,  which  creates  problems  of  en¬ 
forcement  and  often  results  in  unnecessary  legal  battles. 
Noise  ordinances  are  an  example.  Many  noise  ordinances  of 
municipalities  were  simply  derived  from  industrial  noise 
manuals  or  acoustical  engineering  textbooks.  It  didn’t  matter 
that  the  subject  of  the  books  was  the  design  of  machinery. 
Also,  the  books  generally  were  published  25  to  30  years  ago. 
In  the  last  few  years  municipalities  that  did  not  have  noise 
ordinances  often  adopted  these  outdated  regulations  from 
other  municipalities  without  knowing  what  the  regulations 
applied  to  and  how  the  stipulated  noise  levels  could  be 
measured.  In  addition,  the  stipulated  noise  levels  commonly 
are  so  high  that  in  effect,  there  is  no  control  of  noise  levels 
or  that  the  noise  levels  are  so  low  that  too  many  activities  in 
a  community  violate  the  existing  regulations. 

Zoning  quarry  districts  has  not  been  successful  in  solving 
or  minimizing  regulatory  problems  of  non-coal  surface  mines. 
Establishment  of  quarry  districts  has  not  been  intended  to 
preserve  areas  for  mining  so  much  as  it  has  been  utilized  to 
restrict  mining.  Mining  generally  does  not  appear  to  the 
public  to  be  a  requirement  for  a  successful  society.  If  it  is 
recognized  as  necessary,  people  do  not  want  a  mine  in  their 
community  and  indicate  that  the  quarry  should  be  located 
elsewhere.  Where  else  is  not  their  concern.  For  some  areas  a 
mine  is  not  compatible  with  development  plans  or  may  cause 
significant  adverse  environmental  impacts.  Where  adverse 
impacts  on  a  community  are  negligible  or  where  a  mine  will 
have  insignificant  environmental  impacts  mine  sites  should 
not  be  arbitrarily  prohibited. 

Existing  zoning  regulations  that  established  quarry  districts 
were  evaluated  in  eastern  Pennsylvania,  southern  New  York 
and  Connecticut.  Generally,  quarry  districts  were  established 
by  including  existing  quarry  sites  and  adjacent  land  owned 
by  the  quarry.  In  addition,  many  municipalities  in  which 
quarries  were  located  did  not  have  an  ordinance  for  a  mining 
district.  Of  the  municipalities  that  adopted  a  quarry  ordi¬ 
nance  geological  data  were  not  used  to  determine  the  dis¬ 
trict.  Although  some  municipalities  asked  mine  operators 
whether  all  rock  underlying  the  land  owned  by  the  quarry 
was  suitable  for  mining,  most  municipalities  did  not  ask  ad¬ 
vice  from  quarry  owners.  Also,  most  quarry  owners  did  not 
offer  advice.  In  some  municipalities  areas  were  zoned  for 
quarries  that  did  not  contain  aggregate  that  met  state  specifi¬ 
cations  or  that  were  not  favorable  to  mine.  As  mentioned 
previously,  governmental  planning  agencies  did  not  try  to 
protect  the  highest  quality  deposits  for  future  use. 

Location  of  quarry  districts  without  consideration  of  geol¬ 
ogy  will  probably  result  in  legal  proceedings  in  which  a 
quarry  operator  could  successfully  argue  that  the  municipal¬ 
ity  was  unreasonable  if  mineable  rock  did  not  exist  in  the 
quarry  district.  Several  rural  municipalities  in  Connecticut, 
New  York,  and  Pennsylvania  restrict  mining  to  industrial 
zones.  If  geologic  characteristics  of  other  sites  outside  indus¬ 
trial  zones  are  more  favorable  and  if  the  area  within  the 
industrial  zone  is  too  small,  the  regulation  restricting  mining 
also  might  be  found  to  be  unreasonable. 

Even  where  quarry  districts  have  been  established  or 
where  zoning  districts  permit  mining,  problems  related  to 
mining  have  not  been  solved.  In  Connecticut  and  southern 
New  York,  urban,  residential,  commercial,  and  industrial  de¬ 
velopment  have  covered  many  high  quality  deposits.  Land 
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has  higher  value  for  development  in  these  areas  and  other 
similar  areas  of  intense  land-use  competition.  Therefore,  any 
plan  to  develop  a  quarry  or  increase  the  area  for  the  mineral 
industry  will  meet  intense  opposition. 

The  planning  process  that  presently  exists  is  reactive. 
Land-use  problems  are  reviewed  only  when  there  is  contro¬ 
versy  over  a  particular  site.  Also,  problems  of  mining  are  not 
anticipated  in  the  planning  process.  Processes  utilized  for 
establishment  of  quarry  districts  generally  do  not  include 
analysis  of  (1)  traffic  flow,  (2)  noise  levels,  (3)  generation  of 
dust,  (4)  hazards  to  children,  and  (5)  effect  of  districts  on  land 
values.  Often  municipalities  have  adopted  ordinances  used  in 
another  town  without  consideration  of  special  circumstances. 

Standards  for  surface  mining  by  local  governments  have 
not  been  uniform.  One  result  is  that  some  planning  units 
have  little  or  no  guidance  to  establish  regulations  while  other 
planners  have  strict  limitations.  A  maze  of  regulations  vary¬ 
ing  from  very  restrictive  to  almost  no  controls  has  been 
established.  Newer  regulations  tend  to  be  more  specific  and 
restrictive. 

Some  techniques  that  could  be  utilized  to  minimize  regu¬ 
latory  problems  of  quarries  are  purchase  of  mine  sites  by 
government,  government  easements  for  future  mineral  devel¬ 
opment,  establishment  of  mineral  resource  zones  or  districts, 
and  special-use  permits.  Economics  and  the  philosophical 
clash  between  government  ownership  and  private  enterprise 
are  major  factors  against  government  purchase  of  mine  sites. 
However,  government  acquisition  of  a  favorable  mine  site 
may  be  an  alternative  in  some  instances.  A  municipality 
could  lease  the  property  to  a  mine  operator,  realize  royalty 
income,  and  after  mining  is  completed,  redevelop  the  site  for 
other  use.  A  potential  problem  may  be  the  political  pressure 
by  interested  groups  who  would  prevent  the  town  officials 
from  establishing  a  quarry  once  property  was  purchased. 
Easements  to  protect  mineral  reserves,  while  costing  less, 
are  subject  to  the  same  basic  problems  as  government  pur¬ 
chase  of  land. 

Establishment  of  mineral  resource  zones  and  the  use  of 
special  permits  are  zoning  controls  that  are  familiar  and  have 
been  utilized  in  some  form  by  municipalities.  Mineral  re¬ 
source  zones  provide  locational  control  while  special  use  per¬ 
mits  combine  both  performance  control  and  locational 
control.  Use  of  mineral  resource  zones  can  control  surface 
mining  operations  by  permitting  certain  uses  within  a  partic¬ 
ular  zoning  district.  Mining  and  other  compatible  uses  would 
be  permitted  in  the  zoning  district.  Regulation  by  special 
permit,  for  example,  in  Pennsylvania  is  primarily  through 
conditional  use  granted  by  the  governing  body  and  the  spe¬ 
cial  exception  granted  by  the  zoning  hearing  board.  Although 
the  words  “special”  and  “conditional”  are  utilized,  these  two 
words  simply  indicate  uses  permitted  in  a  zoning  district  by 
the  terms  of  the  zoning  ordinance  (Curry  and  Fox,  in  press). 
These  two  uses  are  allowed  only  where  a  permit  applicant 
can  prove  that,  for  example,  mining  will  comply  with  addi¬ 
tional  restrictions  as  stated  in  the  zoning  ordinance.  Addi¬ 
tional  criteria  insure  that  mining  will  not  adversely  affect 
other  uses  within  the  same  zoning  district.  Although  the  use 
of  mineral  resource  zones  generally  is  the  least  complicated 
and  least  expensive  zoning  control  to  implement,  more  op¬ 
tions  are  available  to  a  municipality  for  control  of  mining  by 
using  special  permits.  In  addition,  control  by  special  permit 
can  be  implemented  with  greater  precision  than  use  of  min¬ 
eral  resource  zones  because  of  the  discretion  allowed  the 
local  government  unit  responsible  for  issuing  a  permit  (Curry 
and  Fox,  in  press). 


Special  permits  have  some  disadvantages.  The  use  of  this 
type  of  technique  requires  much  more  expertise  and  more 
information  than  the  technique  of  delineation  of  mineral  re¬ 
source  zones.  Because  many  planning  officials  do  not  have 
this  expertise,  misunderstanding  and  complications  could 
cause  legal  problems.  Several  municipalities  in  Pennsylvania 
have  used  special  permits  unsuccessfully  in  controlling  min¬ 
ing  in  part  because  of  a  lack  of  expertise.  A  major  disadvan¬ 
tage  of  special  permits,  compared  to  mineral  resource  zones, 
is  the  lack  of  control  over  preservation  of  mineral  resources. 
Any  area  within  the  district  could  be  used  for  activities  other 
than  mining.  Therefore,  a  potential  mine  site  could  be  devel¬ 
oped  for  other  uses  before  a  quarry  operator  could  purchase 
it.  It  should  be  noted,  however,  that  special  permits  provide 
control  that  would  help  protect  mineral  resources  to  a 
greater  degree  than  most  other  controls.  Also,  special  per¬ 
mits,  if  utilized  properly,  can  be  effective  in  minimizing 
nuisance  problems  and  other  off-site  effects  of  quarries. 

MINERAL  RESOURCE  ZONES 

Mineral  resource  zones,  in  addition  to  minimizing  regula¬ 
tory  problems  by  locating  mining  in  low  intensity  or  compati¬ 
ble  use  districts,  preserve  mineral  resources.  Because  this 
technique  identifies  a  specific  area  primarily  for  mining,  it 
has  the  greatest  potential  for  the  protection  of  mineral  re¬ 
sources.  Flexibility  of  zoning  districts  is  accomplished  by 
allowing  other  uses  in  the  mineral  resource  zone  which  could 
be  permitted  as  temporary  uses  before  mining  and  as  perma¬ 
nent  uses  after  mining  has  been  completed.  As  long  as  suffi¬ 
cient  minerals  exist  in  the  zoning  district,  mining  does  not 
need  to  be  considered  as  an  alternate  use  in  other  areas 
where  potentially  economic  mineral  resources  are  located. 

One  potential  disadvantage  to  identifying  mineral  resource 
zones  is  that  a  quarry  operator  could  successfully  argue  that 
refusal  to  permit  mining  in  other  zoning  districts  is  too  re¬ 
strictive.  If  a  residential  or  industrial  district  is  undeveloped 
at  the  time  of  permit  application,  a  court  may  agree  with  the 
mine  operator  and  conclude  that  denial  of  the  permit  is 
unreasonable  (Curry  and  Fox,  in  press).  Therefore,  delinea¬ 
tion  of  mineral  resource  zones  must  be  based  on  sound 
technical  data.  By  insuring  adequate  reserves  in  the  desig¬ 
nated  zones,  the  threat  of  this  potential  problem  can  be 
minimized. 

Long-range  planning,  as  with  the  use  of  special  permits,  is 
essential  to  this  technique.  Instead  of  confining  the  planning 
process  to  one  particular  quarry  area,  a  long-range  planning 
process  would  incorporate  planning  for  compatible  use  of  the 
quarry  as  well  as  for  compatible  related  use  of  the  surround¬ 
ing  lands. 

A  property  owner  may  challenge  the  government  when¬ 
ever  the  government  seeks  to  limit  or  direct  the  use  of  land 
for  the  benefit  of  the  public.  The  property  owner  can  use 
either  the  "taking  issue”  or  the  "due  process’  technique. 
Courts  in  recent  years  have  supported  the  public  taking  of 
land  for  preservation  of  both  the  natural  environment  and 
natural  resources  (Valletta,  1976).  However,  challenges  based 
on  whether  or  not  a  mineral  resource  zone  places  an  unfair 
restriction  on  the  property  (violation  of  due  process)  is  a 
major  legal  issue  which  has  not  been  resolved  clearly.  Fur¬ 
ther  discussion  of  the  legal  problems  associated  with  the 
taking  issue  and  the  due  process  question  is  found  in  Valletta 
(1976).  Methods  to  minimize  these  legal  problems  are  in¬ 
cluded  in  the  following  section. 

Recommended  criteria  for  the  establishment  of  mineral 
resource  zones  are  listed  in  Table  2.  An  initial  study  to 
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determine  demand  for  aggregate  is  essential  for  the  evalua¬ 
tion  of  protection  of  mineral  resources.  This  type  of  market¬ 
ing  study  would  determine  the  need  for  protecting  resources, 
the  area  of  greatest  demand,  and  the  adequacy  of  aggregate 
resources  over  a  projected  time  interval.  An  inventory  of 
existing  quarries  and  a  list  of  affected  municipalities  can  be 
utilized  to  identify  problem  areas.  The  governmental  unit 
responsible  for  the  demand  study  could  be  the  regional  plan¬ 
ning  agency.  Environmental  priorities  and  identification  of 
environmentally  sensitive  areas  by  local  and  state  govern¬ 
ments  are  included  to  insure  that  such  things  as  water  sup¬ 
plies  and  critical  wildlife  habitats  are  protected.  Envi¬ 
ronmental  impacts  are  weighed  against  the  necessity  for  the 
mineral  product. 

TABLE  2 

Criteria  for  Selection  of  Mineral  Resource 
Zones 

Marketing  study  to  determine  demand 

Identification  of  environmental  values  and  sensitive 
environmental  areas 

Geological  investigation 

Transportation  study 

Analysis  of  land-use  compatibility 

Analysis  of  buffer-zone  standards 

Geology  is  critical  to  the  establishment  of  a  mineral  re¬ 
source  zone.  The  geologic  investigation  could  be  conducted 
in  two  phases:  phase  1,  preliminary  investigation,  and  phase 
2,  detailed  investigation.  Existing  data,  quarry  locations,  data 
supplied  by  the  quarries,  and  new  information  that  are  col¬ 
lected  by  survey  techniques,  such  as  remote  sensing,  can 
identify  potential  areas  favorable  for  industrial  minerals.  The 
problem  is  cost.  Geological  Studies  have  been  conducted  by 
state  geological  surveys,  the  United  States  Geological  Sur¬ 
vey,  the  United  States  Bureau  of  Mines  and  Regional  Com¬ 
missions.  The  Long  Island  Sound  Regional  Study  (New 
England  River  Basins  Commission,  1973)  is  an  example. 

The  second  phase  of  detailed  geological  investigations, 
which  simply  might  be  on-site  inspections  and  sample  collec¬ 
tion,  is  a  source  of  controversy.  Government  should  not  act 
as  an  exploration  company.  Therefore,  a  combined  effort  of 
state  aggregate  associations,  quarry  owners  and  personnel 
from  state  geologic  surveys  might  be  utilized  for  more  de¬ 
tailed  data  collection.  To  establish  mineral  resources  zones, 
planners  must  be  reasonably  sure  that  mineral  deposits  exist 
and  can  be  utilized.  To  do  otherwise  invites  legal  challenge. 
A  systematic  sampling  of  cores  from  a  favorable  geologic 
formation  throughout  a  region  not  only  could  supply  mineral 
data  but  geological  data  useful  for  engineering  purposes. 
Again,  cost  is  a  factor. 

Transportation  studies  not  only  include  analysis  of  routes 
to  get  aggregate  to  market  but  analysis  of  routes  to  minimize 
traffic  impacts  on  residents.  The  studies  can  be  utilized  to 
decrease  objections  or  complaints  of  mine  operations.  Traffic 
patterns  could  be  used  to  more  precisely  define  best  loca¬ 
tions  for  zoning  districts. 

Interrelationships  between  various  land  uses  also  are  criti¬ 
cal  in  the  establishment  of  zoning  districts.  For  example, 
high  intensity  residential  development  surrounding  a  quarry 
district  is  not  going  to  decrease  the  problems  related  to 


quarry  operations.  Agricultural  districts  could  be  used  to  act 
as  natural  buffer  zones  between  a  mineral  resource  zone  and 
residential  district.  Long-range  patterns  of  land  use  could  be 
projected  to  determine  the  post-mining  use  of  the  mineral 
resource  area. 

Buffer-zone  standards  are  included  as  criteria  because  of 
the  need  to  insure  that  any  negative  impact  of  quarry  opera¬ 
tions  on  adjacent  land  use  will  be  minimized.  Concern  of 
neighboring  landowners  that  a  quarry  will  reduce  the  mar¬ 
ketability  of  his  property  or  will  be  a  constant  nuisance  can 
be  minimized  and  possibly  eliminated  in  some  situations  by 
use  of  adequate  buffer  zones.  Mine  operators  often  use  the 
following  methods  to  minimize  regulatory  constraints  and 
citizen  complaints:  land  acquisition  of  adjacent  land,  estab¬ 
lishment  of  vegetation  zones,  location  of  process  equipment 
to  minimize  noise  and  dust,  and  consistent  public  relations 
efforts.  Most  mining  regulations  contain  provisions  for  mini¬ 
mum  setbacks  to,  for  example,  residences,  streams,  and 
roads. 

For  new  quarry  sites  and  for  expansion  of  existing  quar¬ 
ries,  a  mine-site  capacity  calculation  could  be  utilized  to 
insure  adequate  buffer  zones  and  to  minimize  the  possible 
negative  impact  on  land  values  for  adjacent  landowners. 
Mine-site  capacity  is  defined  as  the  amount  of  land  affected 
by  the  mining  process  including  mine  pit,  processing  area, 
mineral  storage  areas,  mine  facilities  (e.g. ,  offices),  overbur¬ 
den  storage  areas,  and  erosion  and  control  facilities.  The 
mine  site  capacity  calculations  could  be  included  in  the  per¬ 
formance  standards  of  the  zoning  ordinance. 

Therefore,  the  total  area  affected  by  a  mine  is  segregated 
into  two  components.  One  includes  all  activities  directly  re¬ 
lated  to  mining.  The  second  component  is  the  open  space  or 
buffer  of  land  outside  the  area  of  mine  operation.  For  one 
approach  open  space  is  essentially  the  area  included  within 
the  setbacks  required  by  state  and  local  regulations.  A  tree 
line  could  be  included  in  an  area  of  open  space.  The  only 
difference  between  use  of  setbacks  and  a  buffer  zone  stan¬ 
dard  is  (1)  no  use  of  open  space  by  quarry  operations  is 
allowed  in  the  buffer  zone  (mine  activities  are  included  in 
setback  areas  of  most  existing  ordinances),  (2)  intent,  a  buffer 
standard  is  strictly  to  establish  open  space  and  not  to  control 
location  of  mine  operations,  and  (3)  open  space  could  be 
transferred  to  a  municipality  as  public  land  or  preserved  by 
the  quarry  operator.  An  assumption  for  this  method  of  calcu¬ 
lating  open  space  is  that  setback  requirements  are  reason¬ 
able. 

A  second  approach  is  to  determine  an  open  space  ratio, 
the  formula  for  calculation  to  be  fixed  by  the  municipality. 
The  concept  of  mine-site  capacity  for  this  approach  is  based 
on  the  use  of  site-capacity  calculations  in  subdivision  ordi¬ 
nances  which  determine  the  appropriate  intensity  of  tract 
use.  For  land  development  a  net  buildable  site  areas  (or  in 
this  case,  net  mine  area)  is  determined  by  subtracting  re¬ 
quired  open  space  from  base  site  area.  Base  site  area  for  this 
calculation  would  be  dependent  on  area  of  the  mine  permit. 
Factors  for  incorporating  total  area  affected  by  mining,  which 
could  be  outside  the  area  of  the  permit,  also  must  be  in¬ 
cluded  to  account  for  large  areas  owned  by  quarries  but 
which  are  not  intended  to  be  used.  A  method  of  calculation 
is  currently  being  developed  which  would  incorporate  geom¬ 
etry  of  the  mine  area  and  differentiate  between  mine-permit 
area  and  total  mine-site  area  where  applicable. 
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TRANSFER  OF  DEVELOPMENT  RIGHTS 
(TDR) 

A  technique  (developed  by  the  author)  for  the  preservation 
of  mineral  resource  zones  that  could  avoid  problems  asso¬ 
ciated  with  the  taking  issue  and  with  the  due  process  ques¬ 
tion  is  the  transfer  of  mineral  zone  development  rights 
system  (TMDR).  TMDR  is  a  variation  of  the  TDR  concept 
that  is  primarily  used  to  preserve  agricultural  land  and  other 
non-mineral  natural  resources.  TMDR  works  by  identifying 
areas  for  mineral  resource  zones,  which  are  called  transfer 
areas,  and  areas  suitable  for  higher-intensity  development 
(development  districts).  To  protect  the  mineral  resource  zone 
the  development,  which  previously  could  have  occurred  in 
the  mineral  resource  zone,  is  transferred  to  the  development 
district.  The  transfer  is  implemented  by  issuing  transferable 
development-rights  certificates  to  property  owners  in  the 
mineral  resource  zone.  These  development-rights  certificates 
represent  the  loss  in  value  to  property  owners  resulting  from 
restrictions  placed  on  their  land.  Property  owners  sell  the 
development  rights  to  their  land,  thereby  giving  up  the  right 
to  develop  their  land  in  the  mineral  resource  zone.  The 
system  can  work  on  a  voluntary  basis  or  be  mandatory.  As  a 
voluntary  system  bonuses  are  granted  to  encourage  preserva¬ 
tion  of  mineral  resources.  For  a  mandatory  system,  methods 
are  utilized  to  insure  compensation  for  restrictions  placed  on 
the  land.  Advantages  and  disadvantages  of  the  two  types  of 
TDR  systems  are  discussed  in  a  publication  of  the  Bucks 
County  Planning  Commission  (Office  of  Planning  and  Devel¬ 
opment,  1976). 

Under  the  TMDR  concept  land  in  the  mineral  resource 
zone  would  be  assigned  two  values:  a  resource  value  (actual 
price  of  the  land)  and  a  development  value.  A  landowner  has 
four  options  under  TMDR.  He  can  (1)  sell  both  values  to  a 
developer,  (2)  sell  both  values  to  a  quarry  operator,  (3)  sell 
the  development  value  to  a  developer  and  resource  value  to 
the  quarry  operator  or  (4)  only  sell  his  development  value. 
For  example,  a  farmer  could  sell  the  development  rights  and 
continue  to  farm  on  his  property  under  option  (4).  However, 
the  land  would  still  be  preserved  for  mineral  extraction.  A 
combination  of  TMDR  and  buffer  standards  could  be  utilized 
to  minimize  problems  of  quarry  operators,  and  local  land- 
owners. 

TMDR  is  a  technique  that  in  certain  areas  could  be  uti¬ 
lized  successfully.  However,  it  is  not  the  only  answer  to 
preserving  mineral  resources.  An  important  assumption  is 
that  a  market  for  development  rights  exists.  It  is  also  an 
untried  technique.  Consideration  of  the  technique  would  re¬ 
quire  analysis  for  each  particular  area  to  identify  problems 
associated  with  the  TMDR  concept. 

MODEL  ORDINANCE  PROVISIONS 

To  be  successful.  Federal,  State  and  local  regulations  must 
strike  the  balance  between  maximum  public  protection  and 
the  least  burden  on  mining  operators  (individual  rights).  In¬ 
tent  of  this  section  is  to  identify  provisions  that  could  be 
included  in  a  zoning  ordinance  to  establish  mineral  resource 
zones.  Drafting  ordinances  of  this  type  is  a  process  that 
involves  a  team  consisting  of  local  planners,  lawyers,  geolo¬ 
gists  and  engineers.  The  provisions  listed  are  intended  to  be 
part  of  an  existing  zoning  ordinance. 


Provisions  which  are  recommended  to  be  included  in  a  zon¬ 
ing  ordinance  are: 

(1)  Definitions 

(A)  Surface  mining — the  definition  should  include  extrac¬ 
tion  of  minerals  by  all  methods,  except  for  under¬ 
ground  mining.  Minor  excavations  for  a  landowners’ 
personal  noncommercial  use  are  excepted. 

(B)  Minerals — include  all  potentially  economic  minerals 
known  to  occur  in  the  municipality  along  with  a  gen¬ 
eral  statement  about  unknown  minerals  that  might 
occur. 

(2)  Provision  for  where  permitted  use  is  to  be  allowed. 

(A)  This  can  specify  that  surface  mining  is  the  only  use 
permitted.  However,  pre-mining  and  post-mining 
uses  and  other  compatible  uses  may  be  stipulated. 
This  will  decrease  the  restrictions  placed  on  land  in 
the  district. 

(B)  A  second  approach  is  to  list  a  specific  zoning  district 
for  surface  mining,  as  in  (A),  but  to  include  surface 
mining  as  a  use  in  other  zoning  districts,  such  as 
agricultural  or  industrial,  where  no  further  regulation 
is  stipulated.  By  permitting  surface  mining  in  areas 
other  than  in  a  mineral  resource  zone,  the  problem  of 
landowners  refusing  to  sell  their  land  to  a  potential 
quarry  operator  can  be  minimized  or  avoided.  For 
example,  a  quarry  operator  who  cpuld  not  locate  in 
the  mineral  resource  zone  because  of  this  problem 
would  have  other  zoning  districts  in  which  to  locate  a 
quarry.  A  threat  of  a  court  challenge  to  the  zoning 
ordinance,  therefore,  could  be  avoided. 

(3)  Buffer  standards 

Surface  mining  could  be  permitted  in  a  mineral  resource 
zone  or  in  zoning  districts  with  compatible  uses  as  in  (2), 
but  would  be  subject  to  additional  requirements  of  buffer 
standards.  The  additional  requirements  could  be  listed  or 
a  statement  indicating  that  the  conditions  would  be  deter¬ 
mined  by  the  zoning  officer  could  be  included.  However, 
by  listing  conditions  the  municipality  can  avoid  being 
questioned  as  to  universal  or  uniform  enforcement  under 
the  regulations. 

CONCLUSIONS 

(1)  The  TMDR  concept  should  be  investigated  as  a  method 
to  preserve  mineral  resources. 

(2)  Special  permits  can  be  the  most  effective  method  of 
minimizing  regulatory  problems  of  mines. 

(3)  Establishment  of  mineral  resource  zones  not  only  mini¬ 
mizes  regulatory  problems  but  also  insures  preservation  of 
mineral  resources. 

(4)  Zoning  districts  that  permit  mining  either  as  a  permitted 
use  or  by  special  permit  must  be  outlined  by  geologic 
investigations  that  define  potential  mineral  resources. 

(5)  Buffer  standards  are  recommended  to  be  included  in  a 
zoning  ordinance  to  minimize  nuisance  problems  of  quar¬ 
ries  and  to  minimize  problems  quarry  operators  may  have 
with  adjacent  landowners. 

(6)  Mine  operators  should  be  involved  in  the  planning  pro¬ 
cess. 
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(7)  The  planning  process  should  include  consideration  for 
mineral  resource  development. 
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THE  USE  OF  INDUSTRIAL  MATERIALS  IN  CONSTRUCTION  OF  THE 
NELSON  A.  ROCKEFELLER  EMPIRE  STATE  PLAZA 
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The  State  Education  Department 


ABSTRACT 

The  Empire  State  Plaza  was  constructed  from  1964  to  1977 
using  600,000  cubic  feet  of  dimension  stones  and  900,000 
cubic  yards  of  concrete.  Twenty  types  of  building  stones  and 
industrial  minerals  were  used,  including  such  metamorphic 
rocks  as  Cherokee  White  Marble  and  Cherokee  Malange 
Marble  from  Georgia;  White  Pearl  Marble,  Pavanazzo  Mar¬ 
ble,  and  Blue-tone  Marble  from  Vermont;  Creamy  White 
Marble  from  Alabama;  Danby-Montclair  Marble  from  Ver¬ 
mont;  Vert  Tinos  from  Greece,  and  Lake  Placid  Blue  “Gran¬ 
ite”  and  Cold  Springs  Green  “Granite”  from  New  York. 
Lenrock  stone  from  Ithaca,  New  York  and  Travertine  from 
Tivoli,  Italy  are  the  major  sedimentary  rocks  present.  Igne¬ 
ous  rocks  are  represented  by  Mount  Airy  “Granite”  from 
North  Carolina  and  the  Uba  Tuba  “Granite”  from  Brazil. 

Exposed  aggregate  include  a  Red  Natural  Gravel  from  Ver¬ 
mont  and  a  Buff  Natural  Gravel  from  New  Jersey.  Paving 
bricks  are  from  Ohio.  Cement  and  concrete  sands  and 
gravels  came  from  the  Hudson  and  Mohawk  Valleys,  from 
Cow  Bay,  Long  Island,  and  from  Corinth,  New  York. 

The  ages  of  the  rocks  used  range  from  Precambrian  (for 
the  “Granite”)  to  Recent  (for  the  natural  gravels).  Most  of  the 
marbles  are  Cambrian  to  Ordovician  in  age.  The  Lenrock 
Stone  is  a  Devonian  graywacke. 

The  Nelson  A.  Rockefeller  Empire  State  Plaza  is  a  complex 
of  office  buildings  designed  primarily  to  provide  needed  of¬ 
fice  facilities  for  more  than  11,000  employees  of  some  30 
New  York  State  Agencies  working  in  Albany,  New  York.  It  is 
also  the  new  home  for  the  New  York  State  Library  and  the 
New  York  State  Museum  (both  located  in  the  Cultural  Edu¬ 
cation  Center).  A  meeting  and  convention  center  is  located 
within  one  of  the  more  architecturally  unique  buildings  in 
the  Plaza — an  oblate  spheroid  known  locally  as  “the  Egg.” 

The  Plaza  is  located  on  98  acres  of  land  adjacent  to  the 
State  Capitol  Building  in  Albany’s  downtown  district  over¬ 
looking  the  Hudson  River.  In  all,  the  Plaza  complex  consists 
of  ten  major  buildings,  built  on  or  adjacent  to  an  eleventh 
structure,  the  Main  Platform,  which  itself  is  the  largest 
building  in  the  project.  Within  the  Main  Platform  are  offices 
and  laboratories,  retail  shops  and  several  banks  and  restau¬ 
rants.  Lower  levels  of  the  five-story  Platform  provide  parking 
space  for  several  thousand  vehicles. 

Construction  of  the  Plaza  complex  extended  from  1964 
through  1977  at  a  projected  total  cost  of  one  billion  dollars. 
Its  principal  designers  were  the  architectural  firm  of  Harrison 
and  Abromovitz  of  New  York  City. 


Representatives  of  each  of  three  major  rock  classes — 
igneous,  sedimentary  and  metamorphic — can  be  found  in  the 
Plaza.  Igneous  rocks  derived  from  large  magmatic  bodies  of 
North  and  South  America  are  present.  Sandstones  deposited 
during  formation  of  the  Catskill  delta  in  New  York  State, 
some  350  million  years  ago,  and  limestones  precipitated  from 
mineral  waters  in  Italy  make  up  the  sedimentary  rocks 
present.  By  far,  the  most  abundant  rocks  in  the  Plaza  are 
metamorphic  in  origin  and  consist  of  marbles  quarried  from 
the  ancient  folded  mountain  chains  along  the  east  coast  of 
the  United  States,  serpentinite  from  the  Greek  islands  of  the 
Aegean  Sea,  and  Metanorthosites  from  the  Adirondack 
Mountains  of  New  York. 

Many  forms  and  uses  of  Industrial  Minerals  can  be  found 
in  the  Plaza.  These  varieties  can  be  classified  as  follows: 

I.  Dimension  Stones 

1.  Exterior  facing  stone 

a)  Smooth  cut 

b)  Natural  or  rough  cut 

2.  Interior  facing  stone 

a)  Polished 

b)  Natural  or  rough  cut 

3.  Interior  flooring  stone 

4.  Exterior  walkway  stone 

5.  Monumental  stone  (benches,  ballards,  artwork) 

6.  Curbing  and  paving  blocks 

II.  Mineral  Aggregates 

1.  Concrete  and  mortar  aggregates 

a)  Natural  gravels 

b)  Crushed  stone 

c)  Natural  sand  and  gravel  mixes 

d)  Mortar  sand 

2.  Decorative  aggregates 

a)  Natural  gravels 

b)  Crushed  stone 

3.  Brick  clays 

III.  Cement 

1.  Structural  concrete 

2.  Mortar 

The  final  selection  of  specific  industrial  minerals  suitable  to 
fit  the  Architect’s  requirements  for  color,  texture,  and  form, 
as  well  as  the  Engineer’s  standards  for  strength  and  durabil¬ 
ity,  was  based  upon  competitive  bidding  and  a  supplier’s 
ability  to  provide  the  large  quantities  required  within  the 
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FIGURE  I 

NELSON  A.  ROCKEFELLER  -  EMPIRE  STATE  PLAZA 
OUTDOOR  PLAZA  LEVEL 
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Figure  2  Looking  south  along  the  “Great  Wall”  of' the  Main  Platform  toward  the  Tower  Building. 

The  wall  is  faced  with  graywaeke  sandstones  quarried  near  Ithaca,  New  York.  The 
Tower  Building  is  faced  with  Vermont  Pearl  Marble.  In  the  upper  right,  can  be  seen  a 
portion  of  the  exposed  concrete  exterior  of  the  Meeting  Center. 


construction  schedule.  These  two  factors,  competitive  bid¬ 
ding  and  immediate  need,  resulted  in  a  most  unusual  indus¬ 
trial  mineral  supply  network,  bringing  stone  into  the  Plaza 
from  several  areas  of  the  United  States,  Europe,  and  South 
America.  This  paper  is  presented  primarily  to  identify  and 
describe  some  of  the  many  varieties  of  industrial  minerals 
used  in  construction  of  the  Plaza.  The  report  is  not  all- 
inclusive  in  that  we  do  not  discuss  the  use  of  steel,  glass, 
gypsum  board  or  other  manufactured  items  made  from  earth 
materials.  We  have  restricted  our  discussion  to  the  ‘‘stone 
work  ol  the  project  which,  because  of  the  beauty  and  the 
unique  geologic  origins  revealed  in  each  stone,  needs  to  be 
recorded  and  defined  so  that  it  may  be  appreciated  by  geolo¬ 
gists,  students,  and  the  general  public. 


The  Main  Platform,  a  massive  1/4  mile  by  1/8  mile,  six- 
story  structure  which  acts  as  a  base  for  nine  other  buildings 
in  the  complex  (Fig.  1),  is  faced  with  blocks  of  graywaeke 
sandstones  and  siltstones  ol  Devonian  age  (Fig.  2).  The  rock, 
commercially  known  as  Lenroek  Stone,  was  quarried  near 
Ithaca,  New  York  from  strata  of  the  Sonyea  Group,  part  of 
the  Catskill  deltaic  sequence.  The  rock  is  well  cemented  with 
beds  from  6  inches  to  1  toot  thick.  The  rock  is  split  along 
these  regular  bedding  planes,  revealing  an  abundance  ol  de- 
positional  features  such  as  sole  markings,  worm  burrows, 
load  casts,  and  ripple  marks.  Fragments  of  crinoid  stems  and 
brachiopods  can  be  found  on  some  blocks.  The  graywaeke 
slabs  are  placed  vertically  on  exterior  walls  of  the  Platform. 
During  the  early  stages  of  construction  it  was  noticed  that 
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Figure  3  View  of  the  west  face  of  the  Justice  Building,  showing  the  facade  of  Georgia  Cherokee 
Melange  Marble.  The  broad  banding  of  the  marble  is  well  displayed  in  the  shadow 
areas. 


spalling  occurred  on  some  blocks  placed  in  the  vicinity  of  two 
decorative  waterfalls  which  cascaded  down  the  east  wall  of 
the  Main  Platform.  Investigations  indicated  that  spalling  was 
restricted  to  blocks  containing  shaley  bedding  plane  seams 
and  was  attributed  to  the  affect  of  a  constant  wetting  and 
drying  cycle  acting  on  these  seams.  The  problem  was  identi¬ 
fied  by  visual  inspection  and  corrected  by  selection  on  non- 
shaly  blocks  for  those  areas. 

Nine  of  the  eleven  major  structures  comprising  the  Em¬ 
pire  State  Plaza  are  faced  with  light-toned  marbles  supplied 
either  by  Vermont  Marble  Company,  Proctor,  Vermont,  or 
Georgia  Marble  Company,  Nelson,  Georgia. 

The  forty-four  story  Tower  Building  and  the  four  agency 
buildings  are  faced  with  Vermont  marbles  quarried  from  the 
Lower  Ordovician  Shelburne  Formation.  The  stone  is  from 
the  Vermont  Marble  Company’s  West  Rutland  mine.  The 
Vermont  Pearl  Marbles  are  slightly  darker  and  finer-grained 
than  the  Georgia  Marbles  used  in  the  Plaza.  The  West 
Rutland  stone  is  distinguished  by  its  greenish  hue  and  the 
complex  flow  and  fold  patterns  developed  during  metamor¬ 
phism  of  the  rock.  A  total  of  approximately  300,000  ft.3  of 
marble  was  taken  from  the  West  Rutland  underground  quar¬ 
ries  for  use  in  the  Plaza.  The  Plaza  buildings  represent  the 
last  significant  use  of  West  Rutland  marble,  for  the  quarries 
were  essentially  depleted  and  shut  down  upon  completion  of 
the  contract. 


Vermont  marbles  are  also  used  extensively  on  the  walls, 
walkways,  benches,  and  stairways  of  the  outdoor  Plaza\  level. 
A  distinctive,  blue-toned  marble  from  VV'est  Rutland  is\used 
on  the  walkways  around  the  reflecting  pools.  These  slabs 
contain  numerous  deformed,  yet  identifiable,  gastropod  fos¬ 
sils  of  the  genus  Maclurites,  an  index  fossil  for  lower  middle 
Ordovician  age  rock  (D.  W.  Fisher,  pers.  comm.). 

Four  of  the  five  major  buildings  in  the  Plaza  complex — the 
Justice  Building,  the  Cultural  Education  Center,  the  Legisla¬ 
tive  Office  Building,  and  the  Swan  Street  Building— are  all 
faced  with  white  marble  quarried  in  the  Tate  Mining  District 
in  Georgia.  The  stone  is  from  the  Murphy  Marble  unit  of 
early  Paleozoic  or  possibly  Precambrian  era.  The  Georgia 
Marble  is  a  medium  to  coarse  grained,  equigranular,  translu¬ 
cent  stone. 

The  Justice,  Swan  Street,  and  Legislative  Buildings  are 
faced  with  a  variety  known  as  “Georgia  Cherokee  Melange,” 
a  white  marble  with  abundant  streaks  and  flow  folds  of  dark 
accessory  minerals  (Fig.  3).  The  Cultural  Education  Center  is 
faced  with  the  uniform  white  “Georgia  Cherokee”  variety. 

The  interior  walls  and  entranceway  to  the  main  lobby  of 
the  Cultural  Education  Center  (Museum)  are  faced  with 
highly  polished  blocks  of  creamy  white,  fine-grained  marble 
quarried  at  Sylacauga,  Alabama.  This  stone  is  characterized 
by  a  striking  chevron  fold  pattern  of  blue  toned,  schistose 
bands.  Although  not  as  well  suited  for  exterior  use  as  the 
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Figure  4  A  view  of  contrasting  pavement  surfaces  on  the  outdoor  Plaza  level.  From  top  to 
bottom,  red  bricks  from  Ohio.  Lake  Placid  Blue  “Granite,”  and  red  Monkton  Quartzite 
aggregate  from  Vermont. 


Vermont  or  Georgia  marbles  (primarily  because  of  the  sus¬ 
ceptibility  to  chemical  weathering  of  the  bands  of  accessory 
minerals),  the  patterned  Tennessee  marble  is  itself  a  work  of 
art  in  the  Museum  lobby. 

An  excellent  variety  of  Italian  Travertine,  taken  from  the 
ancient  quarries  east  of  Tivoli,  covers  many  of  the  interior 
walks  in  public  areas  of  the  Plaza.  It  can  be  seen  on  both 
ends  of  the  Grand  Concourse  level  of  the  Main  Platform  and 
in  the  passageway  leading  from  the  Grand  Concourse  to  the 
Capitol  Building.  It  is  also  used  on  the  walls  of  the  Tower 
Building  observation  deck  and  in  elevator  lobbies  of  the 
Legislative  Office  Building.  The  travertine  is  a  tan-colored 
carbonate  rock  containing  numerous  elongated  vugs  partially 
filled  with  calcite  crystals. 

Another  outstanding  display  of  interior  facing  stone  made 
from  metamorphic  rock  is  found  in  the  main  lobby  of  the 
Legislative  Office  Building,  which  extends  from  the  Con¬ 
course  to  the  Plaza  level.  The  walls  are  covered  with  two 
contrasting  rock  types.  The  first  of  these  is  marble  with 
distinctive  green  streaking.  This  is  a  special  variety  of  West 
Rutland  Vermont  Marble  known  as  "Pavanazzo  Marble.  It 
was  selectively  mined  from  a  9-inch-thick  layer  occurring  in 
the  West  Rutland  quarry.  This  light  marble  is  contrasted 
against  a  dark  green  serpentinite,  called  "Vert  Tinos,’’  quar¬ 
ried  on  the  Greek  island  of  Tinos  in  the  Agean  Sea. 

The  lower  level  of  the  Legislative  Office  Building  lobby 
contains  a  large  ornamental  waterfall  constructed  from  rough 


cut  blocks  of  “Cold  Springs  Granite.  This  dark  greenish-gray 
stone  actually  is  a  coarse  crystalline  metanorthosite  (Isachsen 
1969)  quarried  at  Upper  Jay,  New  York,  in  the  Adirondack 
Mountains  (Precambrian  Grenville  Province).  This  massivi 
metamorphic  rock  also  was  used  to  construct  two  large  water¬ 
spouts  that  extend  from  the  east  side  of  the  Main  Platform 
wall. 

Another  variety  of  metamorphic  rock  from  New  York’s 
Adirondack  Mountains,  known  commercially  as  “Lake  Placid 
Blue  granite,”  is  a  lighter  toned  metanorthosite  also  mined  at 
the  Upper  Jay  Quariy.  This  durable  stone  is  used  on  the 
main  stairway  at  the  south  end  of  the  Plaza  that  leads  to  the 
Cultural  Education  Center,  the  entrance  stairs  to  the  Legis¬ 
lative  Office  Building,  and  ballards  and  other  ornamental 
work  around  the  Plaza  (Figs.  4,  5).  The  color  of  the  finished 
Lake  Placid  stone  used  is  much  lighter  than  the  natural 
outcrop  color  of  the  metanorthosite.  This  lighter  color  is 
produced  by  thermal  finishing  of  the  stone  under  very  high 
temperatures,  which  lightens  the  plagioelase  feldspar  matrix 
of  the  rock. 

Perhaps  the  most  exotic  variety  of  stone  use  in  the  Plaza  is 
a  large  block  of  Uba  Tuba  granite  which  represents  the 
cornerstone  of  the  Empire  State  Plaza.  This  is  a  dark  brown, 
very  coarse-grained  monzonite  mined  from  boulder  deposits 
in  the  mountains  of  Brazil.  The  highly  polished  and  engraved 
stone,  several  cubic  yards  in  volume,  sits  on  the  north  side  of 
the  outdoor  Plaza  level  between  the  flagpoles. 
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Figure  5  Sculpture  by  Isama  Nagachi  of  Tivoli  Travertine,  on  a  slab  of  Georgia  white  marble, 
resting  on  a  base  of  Lake  Placid  “Granite.’  Located  in  front  of  Agency  Buildings  3  and 
4. 


In  addition  to  the  approximately  600,000  cubic  feet  of 
dimension  stones  used,  some  900,000  cubic  yards  of  concrete 
were  required  for  Plaza  construction.  Portland  cement  was 
supplied  from  nearby  plants  in  the  Hudson  and  Mohawk 
Valleys.  This  cement  is  manufactured  from  rock  quarried 
from  the  Lower  Devonian  Helderberg  limestones.  Fine  ag¬ 
gregate  for  the  concrete  was  supplied  from  numerous  sources 
within  the  Pleistocene  glacial  deposits  in  the  area.  The  con¬ 
struction  placed  heavy  temporary  demand  on  local  aggregate 
producers,  and  consequently  several  new  pits  were  opened 
solely  to  meet  these  needs. 

Some  concrete  used  required  a  uniform  light-colored,  fine 
aggregate  with  a  high  quartz  content  which  was  obtained 
from  the  Cow  Bay  deposits  on  the  north  shore  of  Long 


Island.  Mortar  sand  was  supplied  from  the  glacial  lake  de¬ 
posits  within  the  town  of  Corinth,  Saratoga  County,  New 
York. 

The  Convention  Center  is  the  only  building  in  the  com¬ 
plex  with  a  concrete  exterior  facing  (Fig.  2).  Its  continuously 
curving  interior  and  exterior  walls  are  an  outstanding  exam¬ 
ple  of  master  craftsmanship  in  concrete  design  and  construc¬ 
tion. 

The  main  lobby  walls  of  the  Tower  Building  (Concourse 
and  Plaza  levels)  are  constructed  of  concrete  from  which  the 
cement  has  been  etched  to  expose  the  gravel  on  the  surface 
of  the  walls,  and  making  a  very  attractive  and  durable  inte¬ 
rior  wall.  A  similar  treatment  of  concrete  can  be  seen  on  the 
lower  elevator  lobbies  of  the  four  agency  buildings. 
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Several  varieties  of  gravel  are  used  as  decorative  stones  on 
the  Plaza  level.  The  white,  quartzose  gravel  placed  along 
walkways  and  in  the  wooden  “Labyrinth  garden  located  just 
south  of  the  Tower  Building  come  from  deposits  at  Cape 
May,  New  Jersey.  The  white  Cape  May  gravels  are  joined 
with  darker,  locally  derived  gravel  to  create  the  large  “Stone 
Patterns”  mozaic  at  the  north  side  of  the  Plaza.  Cemented, 
red  gravel  seen  in  various  places  around  the  Plaza  level  is 
from  Vermont,  and  is  composed  primarily  of  Cambrian 
Monkton  Quartzite  (Fig.  4). 

Even  the  roofs  of  the  buildings  were  considered  artistic 
design  elements.  The  roofs  of  the  lower  buildings  (the  Justice 
Building  and  Cultural  Education  Center)  which  can  be  read¬ 
ily  seen  from  the  upper  floors  of  the  other  buildings,  are 
covered  with  several  varieties  of  crushed  stone  of  various 
colors.  The  Cultural  Education  Center  roof  seen  from  the 
Tower  Building  presents  panels  of  dark  red  and  pink  crushed 
Triassic  sandstones  and  crushed  white  marble  of  the  Cambro- 
Ordovician  Stockbridge  Formation.  The  red  paving  bricks 
used  on  walkways  around  the  Plaza  were  manufactured  from 
shales  near  Waynesburg,  Ohio  (Fig.  4). 


A  summary  of  the  various  building  stones  used  in  construc¬ 
tion  of  the  Nelson  A.  Rockefeller  Empire  State  Plaza  is  pre¬ 
sented  in  Table  1  below.  Each  stone  is  listed  along  with  its 
principal  location.  By  using  this  table  and  the  location  map 
(Fig.  1),  the  reader  can  locate  and  view  all  of  the  various 
stones  present  in  the  Plaza. 

In  closing,  the  authors  gratefully  acknowledge  the  assis¬ 
tance  and  information  provided  by:  Mr.  John  C.  Byron, 
Director  of  South  Mall  Construction,  Mr.  Dennis  E.  O’Neil, 
Deputy  Director  of  South  Mall  Construction,  Mr.  John  Den¬ 
ney,  Georgia  Marble  Company,  and  Mr.  Lance  Meade,  Ver¬ 
mont  Marble  Company. 
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TARLE  1 

Building  Stones  and  Other  Industrial  Minerals 
Used  in  Construction  of  the  Empire  State  Plaza 


DIMENSION  STONES 

Metamorphic  Rock 

Cherokee  White  Marble;  Tate,  Georgia — early  Paleozoic, 
Murphy  Marble 

White  Pearl  Marble;  West  Rutland  Vermont — Ordovician 
Shelburne  Fm. 

Creamy  White  Marble;  Sylacuaga,  Alabama — early  Pa¬ 
leozoic 

Cherokee  Melange  Marble;  Tate,  Georgia — early  Pa¬ 
leozoic  Murphy  Marble 

Vert  Tinos;  Serpentinite,  Isle  ofTinos,  Greece 

Pavanazzo  Marble;  West  Rutland,  Vermont — Ordovician 
Shelburne  Fm.  (3"  to  9"  thick  layer) 

Danby-Montclair  Marble;  Danby,  Vermont — Ordovician 
Shelburne  Fm. 

Blue-tone  Marble;  West  Rutland,  Vermont — Ordovician 
Shelburne  Fm. 

Lake  Placid  Blue  “Granite  ”;  Light  Adirondack  Met- 
anorthosite,  Precambrian,  Upper  Jay,  New  York 

Cold  Springs  Green  “Granite”;  Dark  Adirondack  Met- 
anorthosite,  Precambrian,  Upper  Jay,  New  York 


Location 

Exterior  facing  of  Cultural  Education  Center 

Exterior  facing  of  Tower  Building  and  the  four  Agency 
Buildings 

Interior  facing  of  Cultural  Education  Center 

Exterior  facing  of  Justice,  Swan  Street  and  Legislative 
Buildings 

Interior  facing  of  portions  of  the  Legislative  Office  Build¬ 
ing  lobby 

Interior  facing  of  portions  of  the  Legislative  Office  Build¬ 
ing  lobby,  all  elevator  lobbies  in  that  building 

Legislative  Office  Building,  main  entrance  floor 

Walkways  around  reflecting  pools  on  the  outdoor  Plaza 

Outside  amphitheater  adjacent  to  the  Cultural  Education 
Center,  Legislative  Building  entrance  steps,  curbing  and 
various  fixtures  on  the  Plaza 

Ornamental  stone  fountain  in  the  Legislative  lobby.  Wa¬ 
terspouts  on  the  Great  Wall  and  elsewhere  on  the  Plaza 
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Sedimentary  rock 

Location 

Travertine;  Tivoii  area,  Italy 

Interior  facing  of  Grand  Concourse,  Elevator  lobbies  in 
Tower  and  Agency  Buildings 

Lenroek  Stone;  Graywacke  Sandstone  and  Siltstone — 
Devonian  Sonyea  Group,  Ithaca,  New  York 

Exterior  facing  of  the  Main  Platform  (The  “Great  Wall”) 

Igneous  rock 

Location 

Mount  Airy  “Granite”;  North  Carolina 

Curbing — Swan  Street  &  Madison  Avenue 

Uba  Tuba  “Granite”;  Brown  Monzonitic  Stone  from  Brazil 

The  cornerstone — north  end  of  outdoor  Plaza 

CONCRETE 

Portland  Cement 

Several  producers  in  the  Hudson  and  Mohawk  Valleys 
(Helderberg  limestone) 

Concrete  Gravels  (crushed  stone) 

Hudson  Valley  dolomites 

Concrete  Sands 

Cow  Bay,  Long  Island,  New  York,  and  numerous  local 
sources 

Mortar  Sand 

Corinth,  New  York 

Over  900,000  yd.3  of  concrete  used  in  the  Plaza.  The 
Meeting  Center  is  the  only  building  with  a  concrete  exte¬ 
rior  facing. 

OTHER  INDUSTRIAL  MINERALS 

Red  Natural  Gravel 

Vermont  river  gravel  composed  of  Cambrian  Monkton 
Quartzite 

Walkways  on  the  Plaza 

Buff  Natural  Gravel 

Cape  May,  New  Jersey 

Labyrinth  area 

Red  Paving  Bricks 

Ohio 

Walkways  on  the  Plaza 

Buff  Bricks 

Ohio 

Various  Parapet  Walls 
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CONSTRAINTS  OF  INDUSTRIAL  MINERALS  —  THE  ONTARIO  EXPERIENCE 


G.  Robert  Guillet 
Gartner  Lee  Associates,  Limited 


ABSTRACT 

Mining  of  industrial  minerals  in  the  suburban  areas  of 
Ontario  is  becoming  increasingly  costly  and  less  certain  as  a 
result  of  social  and  environmental  pressures  and  competition 
for  land  use.  Low-priced,  high-bulk  mineral  commodities  for 
the  construction  industry  must  be  available  near  their  mar¬ 
kets  if  excessive  construction  costs  are  to  be  avoided.  Already 
the  delivered  price  in  some  cases  reflects  a  transportation 
component  that  is  greater  than  the  selling  price  at  the  pit. 

This  paper  reviews  the  impact  of  regulatory  constraints  on 
the  availability  of  mineral  aggregates  and  shale  resources.  It 
explores  some  of  the  alternatives  that  are  being  considered  to 
meet  the  increasing  material  needs  of  a  more  affluent  society 
such  as  alternative  transportation  modes  and  underground 
mining.  Specifically,  it  discusses  various  published  options 
being  considered  by  the  Ontario  government. 

INTRODUCTION 

The  mining  industry  of  Ontario  has  never  been  particularly 
known  for  its  industrial  minerals.  Yet  the  value  of  construc¬ 
tion  mineral  production  in  the  Hamilton-Toronto  area  ex¬ 
ceeds  that  of  every  mining  district  in  Ontario  except 
Sudbury. 


A  ready  supply  of  the  raw  materials  for  construction  has 
probably  contributed  to  Toronto’s  rapid  growth  and  its  attrac¬ 
tiveness  both  as  a  center  of  commerce  and  as  a  residential 
city.  However,  no  one  anticipated  the  impact  of  social  and 
environmental  pressure  that  would  soon  emerge.  What  was  a 
major  asset  during  Toronto’s  early  years  was  to  become  a 
dilemma  in  its  maturity. 

A  series  of  studies  in  which  raw  materials  have  been  in¬ 
ventoried  have  become  the  basis  for  current  efforts  in  solving 
the  problem  of  assuring  that  mineral  raw  materials  will  be 
available  for  construction  in  the  future. 

IMPORTANCE  OF  CONSTRUCTION 
MINERALS 

It  came  as  a  surprise  in  1966  when  it  was  pointed  out  that 
the  value  of  mineral  production  in  the  Toronto-Hamilton  area 
in  that  year  exceeded  the  value  of  minerals  produced  in  all 
the  famous  mining  camps  of  Ontario  except  Sudbury  (He¬ 
witt,  1968).  The  combined  production  from  numerous  gravel 
pits  and  stone  quarries  within  sixty  miles  of  downtown  To¬ 
ronto  exceeded  in  value  the  base  metal  productions  from 


Leading  Mineral  Producing  Areas  in  Ontario  in  1966 


Millions  of  Dollars 
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Manitouwadge  and  Thunder  Bay,  the  gold  productions  from 
the  Timmins  area  and  Kirkland  Lake,  the  value  of  iron  pro¬ 
duction  from  Steep  Rock,  and  the  value  of  uranium  from 
Elliot  Lake  (Figure  1). 

While  this  was  an  abnormal  situation  because  of  a  low- 
pegged  value  for  gold,  a  dormant  uranium  industry  (Timmins 
had  not  yet  felt  the  full  economic  benefit  of  the  great  Texas 
Gulf  base-metal  orebody)  it  nevertheless  focused  attention  for 
the  first  time  on  the  value  of  Toronto’s  pits  and  quarries. 
Construction  aggregates,  cement,  building  stone,  and  bricks 
assumed  a  new  significance  in  the  province’s  economy. 

NATURE  OF  CONSTRUCTION 
MINERALS 

Southern  Ontario,  particularly  the  area  centered  on  To¬ 
ronto,  is  unusually  well-endowed  with  raw  materials  for  the 
construction  industry.  The  best  shales  (Figure  2)  for  brick¬ 
making  are  of  Ordovician  age  and  either  underlie  the  city 
(Georgian  Bay  Formation)  or  adjoin  it  to  the  west  (Queenston 
Formation).  With  respect  to  sand  and  gravel,  the  fortunate 
convergence  of  two  glacial  ice  lobes  just  north  and  east  of 
Toronto  and  the  melting  of  a  major  ice  lobe  to  the  west 


resulted  in  the  deposition  of  extensive  sand  and  gravel  re¬ 
sources  some  12,000  years  ago.  Also  the  nearby  Niagara 
Escarpment  contains  almost  unlimited  supplies  of  dolomite 
(Lockport-Amabel  Formation  of  Silurian  age)  suitable  for 
crushed  aggregate  and  building  stone  (Figure  3). 

CONFLICT  RETWEEN  CONSTRUCTION 
MINERAL  PRODUCTION  AND 
SURURBAN  DEVELOPMENT 

The  impact  of  increased  competition  for  land  use,  in¬ 
creased  social  reaction  against  surface  mining,  and  accelerat¬ 
ing  environmental  restrictions  did  not  become  obvious  until 
the  1960’s  when  restrictive  zoning  by-laws  began  to  make 
serious  inroads  on  supplies  of  sand  and  gravel.  The  problem 
was  largely  related  to  the  migration  of  affluent  Toronto  resi¬ 
dents  into  the  city’s  rural  fringe.  Farmlands  became  rural 
estates,  and  pits  and  quarries,  which  were  formerly  accepted 
in  the  farming  community,  became  incompatible  with  the 
estate  community.  Hence,  more  and  more  local  by-laws  were 
enacted  in  the  rural  fringe,  prohibiting  or  seriously  restrict¬ 
ing  surface  mining  operations. 


22 


Figure  3  Aggregate  sources  in  southern  Ontario. 


LEGAL  ASPECTS 

Ontario’s  Mining  Act,  which  should  have  been  written  to 
include  jurisdiction  over  pit  and  quarry  operations  on  private 
lands,  was  concerned  only  with  mining  and  exploration  on 
public  lands  and  mine  safety  in  general.  Because  there  are 
no  public  lands,  except  for  provincial  parks  and  Indian  Re¬ 
serves,  in  the  more  settled  regions  of  Ontario,  surface  mining 
was  largely  unregulated.  Not  surprisingly  The  Planning  Act 
and  The  Municipal  Act  assumed  this  responsibility,  giving 
local  municipalities  the  right  to  control  the  location  and  oper¬ 
ation  of  pits  and  quarries  by  means  of  Official  Plans  and  by¬ 
laws. 

An  Official  Plan  is  a  statement  of  intent  with  regard  to 
land  use.  Actual  control  is  accomplished  through  specific  by¬ 
laws,  commonly  called  zoning  by-laws.  Blanket  zoning,  which 
does  not  take  account  of  the  mineral  potential  within  large 
blocks  of  land,  has  been  the  practice  in  many  planning  areas. 
Relief  from  the  restrictions  of  a  by-law,  so  as  to  permit  the 
establishment  of  a  pit  or  quarry,  usually  involves  a  lengthy 
and  costly  public  review  which  may  not  be  successful.  Pits 
and  quarries  existing  at  the  time  of  implementation  of  restric¬ 


tive  Official  Plans  or  by-laws  were  allowed  to  remain  as  non- 
conforming  uses  as  long  as  they  were  in  continuous 
production.  However,  expansion  beyond  their  existing  boun¬ 
daries  were  precluded,  and  if  they  ceased  to  operate  for  a 
time,  they  might  not  be  permitted  to  re-open. 

RESOURCE  DATA 

Part  of  the  problem  in  drafting  Official  Plans  was  the 
general  lack  of  specific  information  on  mineral  resources. 
Geological  surveys  showing  the  locations  and  extent  of  indus¬ 
trial  mineral  resources  were  lacking  in  many  areas,  so  that 
even  if  a  municipality  were  not  completely  prejudiced  against 
surface  mining,  it  was  not  easy  for  it  to  take  account  of 
resources  that  it  had  little  or  no  knowledge  about.  With 
respect  to  mineral  aggregates  and  brick  shales,  this  situation 
has  been  corrected  through  the  provision  of  a  number  of 
inventory  studies  recently  completed  (Proctor  &  Redfern 
Limited,  1974,  1978;  Proctor  &  Redfern  Limited  and  Gartner 
Lee  Associates  Limited,  1975,  1976). 
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Reserves  in  billions  of  tons  (1974-1977) 

Southwestern  Region_ Central  Region  Southeastern  Region 


Gross 

Net 

Gross 

Net 

Gross 

Net 

Gravel 

1  1.3 

6.0 

10.3 

1.9 

1.8 

0.6 

Stone 

90.7 

4.0 

83.0 

0.8 

164.2 

22.7 

Total 

102.0 

10.0 

93.3 

2.7 

166.0 

23.3 

IMPACT  OF  LAWS  AND  REGULATIONS 
ON  RESOURCE  AVAILABILITY 

In  addition  to  defining  the  locations  and  estimating  the 
gross  reserves,  these  inventories  assessed  the  impact  of  exist¬ 
ing  Official  Plans  and  restrictive  by-laws  on  the  availability  of 
these  reserves. 

Other  constraints  resulting  from  urbanization  and  various 
physical  obstacles  were  also  considered  in  determining  the 
net  total  reserves  that  might  actually  be  available  for  extrac¬ 
tion.  Thus,  within  the  three  major  regions  of  southern  On¬ 
tario  the  gross  reserves  of  gravel  are  23.4  billion  tons,  of 
which  8.5  billion  tons  are  potentially  available  for  use.  Gross 
reserves  of  stone  suitable  for  crushed  aggregate  of  concrete 
and  asphalt  quality  total  337.9  billion  tons,  of  which  27.5 
billion  tons  may  be  available  for  use  (Figure  4). 

On  the  face  of  it,  the  potential  availability  of  36  billion  tons 
of  aggregate  would  seem  to  be  sufficient  for  many  years  to 
come.  The  annual  consumption  is  presently  150  million  tons, 
and  it  is  expected  to  double  in  about  twenty  years.  But  there 
is  no  assurance  as  to  what  proportion  of  the  reserves  will,  in 
fact,  be  permitted  to  be  developed  under  restrictive  regula¬ 
tions  yet  to  come.  In  a  matter  of  several  decades  gross 
reserves  have  been  reduced  to  10  percent  potentially  availa¬ 
ble.  What  will  be  the  position  in  another  decade? 


The  situation  is  worse  in  the  major  growth  market  area 
centered  on  Toronto,  the  Central  Ontario  economic  region. 
Here  the  gross  reserves  of  gravel  and  stone  are  10.3  and  83.0 
billion  tons  respectively,  of  which  a  combined  total  of  only 
2.7  billion  tons  may  be  available,  a  scant  3  percent  of  the 
total  reserves  present!  In  practical  terms  these  reserves  are 
only  sufficient  for  the  next  ten  to  fifteen  years;  by  1990  the 
Central  Region  may  be  effectively  depleted  (Proctor  &  Red- 
fern  Limited,  1974). 

Increasing  municipal  restrictions  on  pits  and  quarries 
were,  of  course,  a  reflection  of  growing  public  concern  for 
the  environment  and  the  quality  of  life.  This  concern  was 
most  emphatic  for  the  Niagara  Escarpment,  a  prominent 
topographic  feature  of  great  scenic  and  recreational  value  that 
bisects  southern  Ontario.  The  Escarpment  owes  its  continu¬ 
ing  existence  to  a  durable  caprock  of  Lockport -Amabel  Do¬ 
lomite,  but  the  same  durability  has  attracted  its  widespread 
use  for  building  stone  and  crushed  aggregate.  It  is  hardly 
likely  that  these  quarry  operations  would  have  gone  un¬ 
noticed;  but  the  fact  that  they  were  most  commonly  es¬ 
tablished  in  the  Escarpment  face  was  a  constant  and 
widespread  visual  reminder  of  their  presence. 


Public  concern  for  protection  of  the  Escarpment  resulted 
in  the  Niagara  Escarpment  Protection  Act  of  1970.  It  was  an 
interim  measure  that  was  succeeded  by  The  Pits  and  Quar¬ 
ries  Control  Act  of  1971.  Among  other  provisions  it  placed  an 
immediate  freeze  on  all  quarrying  within  300  feet  of  the 
Escarpment  face. 

The  Pits  and  Quarries  Control  Act  presently  applies  over 
much  of  southern  Ontario  plus  several  major  northern  com¬ 
munities.  The  Act  established  a  uniform  set  of  operating 
standards  and  effectively  gave  local  municipalities  the  power 
of  veto  in  determining  whether  or  not  a  new  pit  or  quarry 
could  be  developed.  If  a  municipality  did  not  register  an 
immediate  objection,  the  application  for  an  operating  license 
was  given  local  publicity  to  determine  the  concerns  of  indi¬ 
vidual  citizens.  A  single  objection  was  sufficient  to  require  a 
public  hearing  into  all  aspects  of  the  proposed  development 
before  the  Ontario  Municipal  Board.  Such  hearings  were 
both  costly  and  time  consuming,  and  the  success  ratio  from 
the  operator’s  point  of  view  has  averaged  only  30  percent. 
Furthermore,  because  of  the  costs  and  uncertainties,  there 
has  been  a  considerable  reluctance  by  many  companies  to 
even  make  the  attempt. 

The  public  review  is  largely  an  environmental  impact 
statement  that  focuses  attention  on  aspects  of  the  proposed 
operation  of  particular  concern  to  local  people.  Truck  traffic 
on  local  roads  is  always  a  major  issue,  as  is  noise,  dust, 
unsightliness,  groundwater  interference,  and  concern  for 
property  values.  In  1975  Ontario  drafted  the  Environmental 
Assessment  Act,  the  provisions  of  which  are  expected  to 
become  standard  for  all  land-use  projects  in  the  near  future. 
These  provisions  embrace  virtually  all  aspects  of  our  lives  and 


environment — the  physical,  biological,  social,  and  economic 
systems  in  which  we  live.  Needless  to  say  the  cost  of  pre¬ 
paring  these  increasingly  complex  studies  is  reducing  the 
number  of  companies  who  can  afford  to  “stay  in  the  game.” 

TRANSPORTATION  OF  CONSTRUCTION 
MINERALS 

As  nearby  resources  are  depleted  or  sterilized,  more  re¬ 
mote  sources  will  have  to  be  developed.  At  present,  more 
than  90  percent  of  all  the  aggregate  used  in  Toronto  is  trans¬ 
ported  to  the  area  by  truck.  Over  distances  greater  than  15 
miles,  truck  costs  are  about  7  cents  per  ton-mile.  However, 
trains  are  currently  hauling  crushed  stone  and  gravel  over 
distances  up  to  100  miles  for  costs  ranging  between  1  1/2  and 
2  1/2  cents  per  ton-mile.  Even  allowing  for  secondary  han¬ 
dling  costs  at  distribution  depots  in  the  city,  train  haulage 
would  appear  to  be  more  attractive  for  distances  greater  than 
50  miles.  However,  the  capital  investment  for  rolling  stock 
and  distribution  depots  is  high,  and  large  volumes  are  neces¬ 
sary  to  be  economically  viable. 

While  no  shipments  are  made  to  the  Toronto  market  by 
boat,  the  opportunity  certainly  exists.  Excellent  resources  of 
Beekmantown  Dolomite  could  be  loaded  directly  into  boats 
at  Brockville,  near  the  east  end  of  Lake  Ontario,  and  un¬ 
loaded  in  downtown  Toronto.  Boat  haulage  in  Lake  Huron 
costs  less  than  1  cent  per  ton-mile  from  upper  Michigan 
sources  to  Windsor,  Ontario,  over  distances  of  300  miles. 
Again,  the  necessary  infrastructure  involves  a  large  capital 
investment. 
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AN  UNDERGROUND  ALTERNATIVE 


Perhaps  the  most  interesting  alternative  is  underground 
mining  on  Toronto’s  waterfront.  A  sequence  of  near-horizon¬ 
tal  Ordovician  shales  and  limestones,  1,000  to  1,500  feet 
thick,  underlie  the  Toronto  area.  Near  the  base,  on  top  of 
Precambrian  rocks,  are  limestones  of  the  Simcoe  Group:  The 
relatively  pure,  and  sometimes  high-calcium,  limestones  of 
the  Gull  River  and  Bobcaygeon  Formations  are  generally 
suitable  for  crushed  aggregate;  the  shaly  limestones  of  the 
Verulam  and  Lindsay  Formations  are  ideally  suited  for  Port¬ 
land  cement.  Shales  of  the  Whitby  Formation  show  promise 
for  expanded  medium-weight  aggregate.  Shale  of  the  Geor¬ 
gian  Bay  Formation  is  presently  obtained  from  surface  quar¬ 
ries  in  and  near  Toronto  for  use  in  making  brick  and  in  the 
production  of  expanded  shale  aggregate  (Figure  5). 

All  of  these  materials,  or  ones  very  similar  to  them,  are 
being  mined  from  several  dozen  quarries  at  the  present  time, 
with  all  the  social  and  environmental  problems  that  surface 
mining  entails.  In  the  Central  Ontario  Region  the  value  of 
these  materials  in  1975  was  $128  million  (Table  1).  All  could 
be  obtained  underground  within  a  few  thousand  feet  of  their 
major  market  center! 

TABLE  1  —  MINERAL  PRODUCTION 
for  the 

CENTRAL  ONTARIO  REGION 


Tons 

Dollars 

Sand  &  Gravel 

36,646,770 

50,942,636 

Crushed  Stone 

20,264,829 

43,179,319 

Portland  Cement 

1,743,831 

47,149,609 

Clay  &  Shale  Products 

37,976,066 

Lime 

99,396 

3,555,191 

Gypsum  &  Peat  Moss 

3,571,357 

Nepheline  Syenite  &  Traprock 

N/A 

186,374,178 

Source:  Ontario  Ministry  of  Natural  Resources. 


A  large,  integrated  mining  and  development  complex 
could  be  created  underground  in  the  Toronto  area  to  provide 
a  variety  of  essential  construction  materials  from  a  single 
opening.  An  inclined  shaft  extending  under  Lake  Ontario 
from  a  point  on  the  shore  could  have  a  number  of  working 
levels  carefully  developed  in  the  best  strata.  To  minimize  the 
impact  of  the  operation  on  local  social  systems  all  processing 
and  stockpiling  could  be  underground.  Multi-deck,  high¬ 
speed,  belt  conveyors  could  transport  materials  to  surface  as 
required  and  truck  traffic  could  be  fed  directly  into  the 
Region’s  excellent  arterial  road  system  to  minimize  local  dis¬ 
turbance. 

Mining  beneath  Lake  Ontario  has  the  combined  advan¬ 
tages  of  minimizing  local  concern  for  subsidence,  as  well  as 
avoiding  the  multiplicity  of  mineral  ownership.  It  also  offers 
the  potential  for  valuable  secondary  use  of  part  of  the  mined- 
out  space  for  surge-electric  power  generation.  Other  uses  for 
parts  of  the  mined-out  space  include  hydrocarbon  storage, 
storage  of  business  or  institutional  records,  and  disposal  of 
solid  waste.  With  adequate  development  planning  all  of  these 
uses  could  take  place  simultaneously  in  various  parts  of  the 
underground  working  while  mining  continued  in  other  parts. 


The  economics  of  underground  mining  for  low-priced  min¬ 
eral  commodities  must  surely  be  enhanced  by  the  diversity 
of  the  mineral  products  available  and  the  variety  of  secondary 
uses  for  the  mined-out  areas.  Add  this  to  the  market  poten¬ 
tial  of  Canada’s  largest  city,  with  direct  access  to  ocean  ship¬ 
ping  through  the  St.  Lawrence  Seaway,  and  a  unique 
opportunity  would  seem  to  exist. 

FUTURE  LEGISLATION 

Whether  or  not  remote  sources  or  underground  sources  of 
construction  minerals  are  developed  in  the  near  future  may 
depend  upon  the  success  of  current  legislation.  As  this  paper 
is  being  written  (April,  1978)  the  Ontario  Government  is 
considering  a  new  Mineral  Aggregate  Resource  Management 
Act  to  replace  The  Pits  and  Quarries  Control  Act.  Perhaps 
the  most  significant  aspect  of  the  new  act  is  the  proposal  that 
the  preservation  of  mineral  resource  lands  be  the  responsibil¬ 
ity  of  county  or  regional  governments  through  the  official 
plan  process  in  consultation  with  the  local  municipalites, 
rather  than  the  latter  operating  in  isolation.  Furthermore, 
the  counties  or  regions  will  be  obliged  to  plan  for  future 
mineral  extraction  at  their  current  proportionate  share  of  the 
market. 

CONCLUSION 

Ideally  the  planning  for  utilization  of  any  resource  that  is 
unevenly  distributed  by  Nature,  but  necessary  for  the  benefit 
of  everyone,  should  be  the  responsibility  of  the  state  or 
province,  if  not  the  nation.  Otherwise,  the  best  interests  of 
the  majority  are  sacrificed  to  the  short-term  interests  of  a 
few.  This  has  been  Ontario’s  problem:  in  many  cases  local 
communities  having  resources  in  excess  of  their  own  needs 
are  not  demonstrating  adequate  responsibility  for 
neighbouring  communities  that  lack  those  resources.  It  is 
not,  of  course,  a  problem  peculiar  to  Ontario,  and  it  remains 
to  be  seen  whether  the  threatened  large-scale  wastage  of  our 
mineral  resources  can  be  checked  by  the  new  and  pending 
provincial  legislation. 
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ABSTRACT 

Deer  Creek  Marsh  is  located  in  the  coastal  zone  of  eastern 
Lake  Ontario  in  the  Town  of  Richland,  Oswego  County,  New 
York.  It  is  the  largest  wetland  in  the  Lake  Ontario  coastal 
zone,  encompassing  more  than  1,300  acres.  The  wetland  is 
significant  for  its  potential  for  marine  food  production,  flood 
and  storm  control,  wildlife  habitat,  sedimentation  control, 
and  open  space  values. 

Deer  Creek  Marsh  is  maintained  by  a  barrier  beach  that 
protects  it  from  lake  level  fluctuations  of  Lake  Ontario.  The 
beach  was  built  by  deposition  of  sediments  carried 
northwardly  from  the  active  depositional  area  at  the  mouth  of 
the  Salmon  River  by  a  local  cell  of  the  generally  northerly 
littoral  drift  pattern.  The  deposit  was  subsequently  reworked 
by  wind,  sorting  and  rounding  the  sand  grains.  The  beach  is 
formed  of  a  single  elongate  sand  ridge  that  parallels  the  lake 
shore,  rising  to  a  crest  of  50  ft.  above  the  current  lake  level. 
The  present  marsh-barrier  beach  configuration  represents  the 
midpoint  of  a  cycle  that  starts  with  open  embayment  and 
erosion  of  glacial  deposits  and  ends  with  tlatlands  suitable  for 
pasture  lands. 

The  uniform  rounded  grains  of  sand  and  lack  of  organic 
contaminants  in  the  beach  make  it  suitable  for  use  as  a 
foundry  sand.  This  type  of  sand  has  been  sought  historically 
and  has  been  mined  along  the  shores  of  Lake  Ontario  since 
the  turn  of  the  century.  Sand  is  extracted  by  means  of  a 
front-loader,  dumped  directly  into  trucks  and  transported  to 
users.  Mining  sites  have  been  converted  to  campsites  by 
replacing  sand  mined  near  the  water  table  with  gravel. 

The  inherent  conflict  of  competing  land  uses  has  brought 
pressures  to  bear  on  both  the  mining  activities  and  the  integ¬ 
rity  of  the  marsh.  Environmental  agencies  fear  that  contin¬ 
ued  indiscriminate  mining  would  create  a  potential  for 
breaching  the  bar,  allowing  communication  between  the  frag¬ 
ile  wetlands  ecosystems  and  the  comparitively  hostile  lake 
environment.  Remedies  offered  by  regulation  varied  from 
cessation  of  mining  to  permitting  mining  only  in  the  existing 
sites,  risking  destruction  of  the  marsh.  Several  solutions  were 
considered: 

1.  Purchase  the  entire  marsh  and  barrier  beach  property, 
utilizing  funds  available  for  wetland  preservation. 

2.  Trade  the  barrier  beach  property  for  a  nearby  deposit 
having  similar  quality  and  quantity  of  foundry  sand 
reserves. 

3.  Deny  the  miner  a  mining  permit  based  on  the  poten¬ 
tial  for  irreparable  and  irreversible  damage  to  an  en¬ 
vironmental  resource; 

4.  Issue  a  conditional  permit  based  on  a  selective  mining 
process  designed  to  protect  the  marsh. 


INTRODUCTION 

Deer  Creek  Marsh  is  located  in  the  coastal  zone  of  eastern 
Lake  Ontario  in  the  Town  of  Richland,  Oswego  County,  New 
York  (Fig.  1).  The  marsh  is  bounded  on  the  west  by  Lake 
Ontario,  on  the  south  by  a  tongue  of  glacial  drift  separating  it 
from  the  estuary  of  the  Salmon  River,  by  State  Route  3  on 
the  east,  and  by  Rainbow  Shores  Road  on  the  north  (Fig.  2). 
During  the  spring  innundation  season,  the  marsh  is  con¬ 
nected  to  South  Pond  to  the  north.  Deer  Creek  Marsh, 
South  and  North  Sandy  Ponds,  and  Cranberry  Pond  and 
Marsh  together  form  a  system  of  back  dune  freshwater 
wetlands  and  ponds  behind  dunes  and  beaches.  This  dune- 
bay-wetland  complex  covers  an  area  of  approximately  20 
square  miles  with  a  total  linear  lake  frontage  of  10.2  miles. 
The  area  has  been  designated  as  a  Geographic  Area  of  Partic¬ 
ular  Concern  (GAPC)  by  both  the  Saint  Lawrence-Eastern 
Ontario  Commission  (SLEOC)  and  the  New  York  State  De¬ 
partment  of  Environmental  Conservation  (NYSDEC)  because 
the  dune-protected  wetlands  are  uniquely  atypical  to  the 
Lake  Ontario  shoreline. 

DESCRIPTION  OF  THE  MARSH 

Deer  Creek  Marsh  is  the  largest  wetland  in  the  area, 
encompassing  approximately  1,300  acres  of  ecologically  con¬ 
tiguous  swamp.  It  is  the  most  advanced  in  its  eutrophic 
succession  to  a"  land  area,  the  end  result  being  a  polder  of 
prime  agricultural  significance.  The  marsh  is  made  up  of  30 
percent  wooded  swamp,  30  percent  shrub  swamp,  5  percent 
inland  deep  marsh,  and  35  percent  inland  shallow  fresh 
marsh.  Mature  woodlands  with  such  canopy  species  as 
American  beech,  red  maple,  sugar  maple,  and  basswood 
serve  as  a  protective  buffer  on  the  north,  southeast,  and 
south.  The  northern  woodlands  buffer  presently  is  in  a 
greatly  disturbed  condition  due  to  the  presence  of  the  Rain¬ 
bow  Shores  trailer  park  and  campsite  development;  the  pro¬ 
tective  effect  of  this  area  is  rapidly  diminishing. 

The  Rice  Creek  Biological  Field  Station  rates  the  Deer 
Creek  wetland  as  the  most  important  and  most  highly  vul¬ 
nerable  breeding  and  feeding  area  in  the  Oswego  County 
coastal  zone.  The  number  and  diversity  of  waterfowl  and 
marsh  bird  species  in  this  marsh  is  higher  than  in  any  other 
marsh  in  this  area.  Grebes,  heron,  teal,  duck  and  mallards, 
geese,  hawks  and  various  shore  birds  are  abundant.  The 
Black-Crowned  Night  Heron,  a  species  in  imminent  danger 
of  extirpation,  breeds  in  the  marsh.  Eight  other  declining 
species  of  fowl  are  common  migrants  and  breeders.  The  Bald 
Eagle  could  possibly  be  reestablished  in  this  area  as  a  nesting 
species. 
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Figure  1  Location  of  Deer  Creek  Marsh 


The  marsh  is  a  habitat  for  large  number  of  reptiles  and 
amphibians  noted  for  their  value  in  pest  control  and  to  the 
food  chain.  Bullhead,  Largemouth  Bass,  Northern  Pike  and 
Redfin  Pickerel  are  abundant,  stimulating  the  value  of  the 
marsh  as  a  sport  fishery.  The  area  also  is  inhabited  by  larger 
mammals,  notably  whitetail  deer,  muskrats,  fox,  mink  and 
weasels.  Beaver  could  be  reestablished  if  management  de¬ 
vices  could  be  devised  that  would  insure  their  survival.  Plant 
communities  include  a  large  grove  of  native  Tamarack,  which 
is  an  excellent  habitat  area  for  heron;  also  present  are  sensi¬ 
tive  and  diverse  wetland  trees  and  shrubs  and  rooted,  float¬ 
ing,  or  bog  mat  species  that  are  dependent  on  periodic  or 
permanent  flooding  in  order  to  survive.  The  ecological  diver¬ 
sity  and  large  areal  extent  of  Deer  Creek  Marsh  render  it 
particularly  important  to  the  stability  of  the  ecosystem  of  the 
eastern  Lake  Ontario  coastal  zone. 


tario  where  photosynthetic  activity  would  otherwise  be  re¬ 
duced  by  turbid  conditions.  Oswego  County  is  economically 
depressed  relative  to  some  of  the  more  highly  industrialized 
areas  surrounding  Lake  Ontario  owing  to  the  seasonal  nature 
of  employment  possibilities  inherent  in  tourism  and  primary 
resource  utilization  economies.  Many  full-time  residents  sup¬ 
plement  their  larder  with  game  from  the  marshes  and  with 
incidental  income  derived  by  servicing  recreationists  and 
sportsmen. 


IMPORTANCE  TO  THE  AREA 

Additional  values  inherent  to  any  substantial  wetland  are 
important  in  Deer  Creek  Marsh.  The  unusually  large 
biomass  of  the  marsh  ameliorates  the  detrimental  effects  of 
oxygen-consuming  pollutants.  Because  the  marsh  retains 
large  quantities  of  seasonal  flood  waters,  it  not  only  mitigates 
headward  erosion  by  the  streams  that  flow  into  the  swamp 
but  also  traps  significant  amounts  of  fine  sediments  that 
would  otherwise  stress  the  delicate  ecosystems  of  Lake  On- 


THE  MARSH  DYNAMICS 

The  present  marsh-barrier  beach  configuration  represents 
the  midpoint  of  a  cycle  that  starts  with  open  embayment  and 
erosion  of  glacial  deposits  and  ends  with  flatlands  suitable  for 
pasturelands.  The  earlier  stages  of  this  phenomenon  may  be 
seen  in  North  Sandy  Pond,  to  the  north  of  Deer  Creek 
Marsh.  This  area  is  characterized  by  shallow,  open  waters  in 
which  emergent  vegetation  is  struggling  to  gain  a  foothold. 
Left  alone,  this  area  may  also  develop  into  a  significant 
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Figure  2  Map  of  Deer  Creek  Marsh 
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wetland.  But  their  present  intensive  recreational  use  recur- 
rendy  breaches  the  growing  sand  spits  where  stabilizing  veg¬ 
etation  is  under  constant  disruption.  Wave  action  of  both 
lake  storms  and  motorboats  constantly  flush  this  area  of  the 
fine  sediments  necessary  to  build  an  adequate  marshland. 
The  series  of  geological  events  leading  to  the  present 
geomorphology  of  the  dune-bay-wetland  complex  is  relatively 
simple  to  deduce.  Marsh  areas  have  developed  as  a  result  of 
infilling  of  kettle  holes  in  post-Wisconsin  glacial  terrain.  As 
lake  levels  receded  to  their  present  positions,  kettle  holes 
near  the  shorelines  were  first  deepened  by  wave  erosion  and 
then,  as  lake  levels  stabilized,  bays  were  formed  that  were 
subsequently  closed  by  the  encroachment  of  sand  spits  across 
the  outer  lacustrine  margins.  The  beaches  were  built  by 
deposition  of  silicate  sediments  carried  to  the  North  from  the 
active  depositional  area  at  the  mouth  of  the  Salmon  River  by 
a  local  northerly  flowing  cell  of  the  general  littoral  drift  pat¬ 
tern.  Once  in  place,  the  beaches  were  stabilized  by  the 
introduction  of  volunteer  vegetation,  notably  beach  grasses 
and  wormwood.  The  deposit  was  subsequently  reworked  by 
wind,  sorting  and  rounding  the  sand  grains.  Successive  vege¬ 
tative  evolution  has  favored  species  that  are  most  limited  in 
habitat  and  stress  ranges.  This  resulted  in  a  gradation  of 
species  that  did  not  comingle  until  the  littoral  forces  involved 
in  the  building  of  the  barrier  beaches  allowed  species  cross- 
referencing  which,  thus,  enforced  ecotypical  stability  of  the 
barrier  dunes.  The  beach  forms  a  single  elongate  sand  ridge 
that  parallels  the  lake  shore,  rising  to  a  crest  of  +50  feet 
above  the  current  lake  level. 

Thus,  Deer  Creek  Marsh  is  maintained  by  a  barrier  beach 
that  protects  it  from  lake  effect  storms  and  the  water-level 
controls  practiced  at  the  outlet  of  Lake  Ontario.  Most  of  the 
two  and  one-half  mile  barrier  consists  of  sand  dunes  and 
beaches,  ranging  in  width  from  50  to  300  feet  and  in  height 
up  to  50  feet  above  mean  lake  level.  Deer  Creek  exits  from 
the  marsh  by  passing  southward  between  two  dunes  and 
turning  sharply  to  the  west,  flowing  directly  into  Lake  On¬ 
tario.  The  creek  mouth  is  protected  from  storm-generated 
erosion  by  a  crescent-shaped  offshore  bar,  made  up  of  lacus¬ 
trine  sediments  deposited  in  the  energy  sink  caused  by  the 
eddying  confluence  of  lake  and  stream  currents.  This  feature, 
similar  to  a  bay  mouth  bar,  protects  the  marsh  in  two  ways.  It 
prevents  lake  waves,  which  can  reach  a  height  of  six  feet, 
from  entering  the  creek  channel  from  the  marshwood  side 
and  eroding  the  fine  sands  that  make  up  the  dunes.  The  bar 
also  prevents  water  levels  in  the  marsh  from  fluctuating  as 
rapidly  as  water  levels  in  the  lake,  thus  preventing  flushing 
of  the  sediments  and  nutrients  that  support  vegetation  in  the 
marsh.  Marsh  water  levels  have  been  observed  that  are  as 
much  as  two  feet  higher  than  the  lake  when  exceptional  wind 
regimes  push  lake  water  to  the  west.  The  opposite  situation, 
occurring  when  marsh  water  levels  are  low  and  prevalent 
storm  winds  raise  the  lake  to  the  east,  have  resulted  in  water 
levels  as  much  as  six  inches  higher  in  the  lake  than  in  the 
marsh.  The  net  effect  of  the  bar-barrier  beach  complex  is  to 
permit  nutrient  exchanges  between  the  lake  and  marsh  while 
preventing  destruction  of  the  fragile  marsh  ecosystem  by 
wave  action. 

THE  NATURE  OF  MINING  ACTIVITY 

The  uniformly  rounded  and  graded  sand  that  forms  the 
beach  and  its  lack  of  organic  contaminants  make  it  suitable 
for  use  as  a  foundry  sand.  This  type  of  sand  has  been  sought 


historically  and  has  been  mined  along  the  shores  of  Lake 
Ontario  since  the  turn  of  the  century.  Sand  is  extracted  by 
means  of  a  front-end  loader  and  is  dumped  directly  into 
trucks  and  transported  to  users.  Mining  sites  have  been  con¬ 
verted  to  campsites  by  replacing  sand  mined  near  the  water 
table  with  gravel. 

Present  mining  is  found  at  the  southern  end  of  the  back- 
shore  dune,  directly  in  line  with  the  mouth  of  Deer  Creek. 
The  position  of  the  mining  operation  poses  a  grave  potential 
threat  to  the  integrity  of  the  marsh.  Lake  effect  storms  of 
more  than  a  ten-year  frequency  are  sufficiently  energetic  and 
of  long  enough  duration  to  breach  the  bar  at  the  creek 
mouth.  Removal  of  the  bar  then  leaves  the  fine  sand  berm 
that  separates  the  pits  from  the  creek  vulnerable  to  wave 
attack.  This  berm  is  inadequate  to  withstand  an  erosional 
event  of  any  duration  and  would  soon  wash  out,  allowing  the 
lake  to  directly  enter  the  marsh.  Should  this  occur,  the 
marsh  would  drain  when  the  lake  returned  to  its  normal 
levels. 

The  inherent  conflict  of  competing  land  uses  has  brought 
pressures  to  bear  on  both  the  mining  activities  and  the  integ¬ 
rity  of  the  marsh.  Environmental  agencies  fear  that  continu¬ 
ing  mining  would  create  an  obvious  potential  for  breaching 
the  bar,  allowing  communication  between  the  fragile 
wetlands  ecosystems  and  the  comparatively  hostile  lake  en¬ 
vironment.  Remedies  offered  by  regulation  varied  from  cessa¬ 
tion  of  mining  activity  to  permitting  mining  in  the  existing 
pits  risking  destruction  of  the  marsh. 

Human  development  along  the  barrier  beaches  create  fur¬ 
ther  potential  for  destruction  of  the  wetland.  High-density 
campsites  are  created  as  sand  is  mined  from  other  areas. 
These  campsites  concentrate  human  activity  during  the  sum¬ 
mer,  the  most  sensitive  time  for  the  growth  of  beach  vegeta¬ 
tion.  Establishment  of  adequate  vegetation  is  prevented  by 
intensive  use  of  level  areas,  especially  by  trail  bikes,  cars, 
and  dune  buggies.  These  barren  areas  are  particularly  sus¬ 
ceptible  to  wind  erosion  resulting  in  further  lowering  of  the 
beaches.  Deflation  features,  or  blowouts,  allow  large  quanti¬ 
ties  of  land  to  encroach  into  the  marsh,  infilling  portions  of  it 
and  destroying  fragile  waterline  habitats.  The  potential  for 
storm  breaching  of  these  artificially  low  areas  is  markedly 
increased,  further  endangering  the  integrity  of  the  marsh. 

Other  significant  impacts  arising  from  the  intensive  sum¬ 
mertime  use  of  the  beaches  include  high  biological  oxygen 
demand  and  carbon  oxygen  demand  loading  the  marsh’s  eco¬ 
system.  Nutrient  pollution  is  common  where  beach  sands  do 
not  effectively  trap  septic  wastes.  The  wetlands  and  uplands 
are  used  as  disposal  sites  for  solid  wastes  from  campsites. 
Litter  is  common  and  largely  uncontrollable  due  to  high 
winds. 

It  should  be  noted  that  any  solution  that  incorporates  the 
preservation  of  the  wetland  involves  drastically  reducing  hu¬ 
man  activity  on  the  barrier  beaches.  All  options  also  presume 
the  need  for  major  reclamation  efforts  involving  stabilizing 
vegetation,  use  of  windtraps  to  reduce  immediate  wind  ero¬ 
sion,  and  rebuilding  of  most  of  the  low  areas  that  are  in 
imminent  danger  of  breaching.  Management  of  the  area, 
after  short-term  stabilization  of  the  dunes  is  accomplished, 
should  be  based  on  the  geomorphological  dynamics  of  the 
dune-marsh  complex. 

Purchase  of  the  entire  marsh  and  barrier  beach  property, 
with  funds  available  for  fresh  water  wetlands  purchase,  is  the 
most  desirable  alternative,  insuring  long-term  protection  for 
the  area.  This  option  is  likely  to  be  expensive,  especially  in 
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consideration  of  the  ambitions  of  the  current  landowners. 
The  present  ownership  situation  is  confused,  involving  an 
estate,  numerous  small  holders,  and  some  leases  on  the  area 
currently  held  by  sportsmen’s  organizations.  Delays  inherent 
in  the  process  of  clarifying  the  ownership  situation  and  sub¬ 
sequent  negotiations  may  not  provide  immediate  relief  from 
the  pressures  that  threaten  the  area. 

Mechanisms  to  lessen  the  impacts  of  the  current  mining 
operation  originally  included  an  exchange  of  land,  trading  the 
beach  lands  for  a  deposit  of  commercially  acceptable  foundry 
sand  on  State  reforestation  lands  in  McConnellsville,  Oneida 
County,  New  York.  The  transfer  option  would  have  been 
mutually  advantageous,  giving  the  mine  owner  an  economic 
mineral  deposit  quite  close  to  his  processing  operation  and 
giving  the  State  desirable  dune  lands.  However,  reforestation 
lands  in  Oneida  County  are  protected  by  Article  14  of  the 
State  Constitution  which  extends  the  “forever  wild”  designa¬ 
tion  to  that  county  and  forbids  the  sale  or  exchange  of  such 
lands. 

The  third  option  available  to  the  Department  of  Environ¬ 
mental  Conservation  to  mitigate  potential  negative  impacts 
from  the  mining  operation  is  to  deny  the  miner  an  operating 
permit.  Grounds  for  such  denial  can  be  best  expressed  in 
Article  71  of  the  New  York  State  Environmental  Conserva¬ 
tion  Law,  which  states  that  the  Commissioner,  after  investi¬ 
gation,  may  discontinue  or  abate  a  condition  or  activity  that 
is  likely  to  result  in  irreversible  or  irreparable  damage  to 
natural  resources.  It  will  be  necessary  to  fully  balance  a 
decision  of  this  sort,  weighing  the  value  of  the  marsh  against 
the  value  of  the  mineral  resource  in  question.  The  mining 


operation  may  be  marginally  profitable  due  to  a  35  mi.  trans¬ 
portation  disadvantage,  the  replacement  of  natural  foundry 
sands  in  the  marketplace  by  artificial  substitutes  such  as 
ceramic  and  zirconium  molding  materials,  and  the  general 
decline  in  the  generic  market  for  foundry  sands.  However, 
standards  that  allow  comparison  between  natural  resources 
that  are  unquantifiable  in  economic  terms,  such  as  a  wetland, 
and  resources  for  which  a  cost/benefit  evaluation  may  be 
easily  presented  are  arbitrary  at  best.  Also,  denial  of  the 
mining  permit  does  little  to  relieve  the  intense  erosion  po¬ 
tential  caused  by  development  on  the  outer  barrriers. 

Issuance  of  a  permit  conditioned  on  selective  mining 
methods  and  extensive  concurrent  reclamation  procedures 
present  further  difficulties.  A  mining  plan  based  on  proscrib¬ 
ing  mining  below  the  contour  that  represents  the  wave 
heights  typical  of  a  lake  storm  of  100-year  frequency,  in  this 
case  six  feet  above  mean  lake  level,  significantly  reduces  the 
volume  of  available  economic  sand.  Conditions  present  in  the 
Freshwater  Wetlands  Act  proscribe  disturbing  a  buffer  zone 
of  100  feet  from  the  vegetative  boundary  of  the  wetland. 
Laws  governing  the  protection  of  streams  proscribe  mining 
within  25  feet  of  a  classified  stream,  in  this  case,  Deer 
Creek,  without  a  permit.  Additional  constraints,  such  as  im¬ 
mediate  revegetation  and  the  use  of  temporary  structural 
protective  devices,  may  prove  to  be  both  inadequate  and 
expensive.  The  net  effect  resulting  from  compromise  condi¬ 
tions  would  undoubtedly  severely  limit  the  profitability  of 
the  deposit  and  may  be  ineffective  in  ensuring  preservation 
of  the  marsh. 
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ABSTRACT 

New  York,  because  of  its  pre-glacial  physiography,  has 
many  glacial  geologic  deposits  that  are  stratigraphically  more 
complex  than  those  found  in  the  mid-westem  United  States. 
Granular  deposits  confined  to  the  valleys  of  New  York  either 
underlie  highly  urbanized  areas  or  form  prime  agricultural 
land.  As  a  result,  the  more  complex  ice-contact,  deltaic,  and 
moraine  deposits  must  be  utilized  as  sources  of  sand  and 
gravel  for  future  construction  needs. 

The  Soil  Mechanics  Bureau  of  the  New  York  State  Depart¬ 
ment  of  Transportation  has  begun  an  inventory  of  granular 
materials  resources  on  a  county-by-county  basis.  Because 
sand  and  gravel  are  relatively  low-value  materials  and  have  a 
spectrum  of  construction  uses,  it  becomes  necessary  to  locate 
all  potentially  useful  material.  By  using  new  soil  survey  data 
and  laboratory  test  results  for  samples  submitted  for  previous 
highway  use,  a  resource  map  may  be  made.  Because  of  the 
spectrum  of  uses,  the  known  laboratory  results,  and  a  knowl¬ 
edge  of  the  depositional  characteristics  of  the  sources,  it  is 
felt  that  resources  may  be  treated  as  reserves  even  though 
singular  properties  may  not  be  proved.  One  drawback  to  this 
program  is  the  fact  that  lack  of  availability  of  the  material 
because  of  regulatory  or  economic  constraints  is  not  consid¬ 
ered. 

INTRODUCTION 

The  Soil  Survey  and  Mapping  Unit  of  the  Soil  Mechanics 
Bureau  is  producing  an  inventory  of  granular  construction 
material  deposits  for  the  Department  of  Transportation  on  a 
county-by-county  basis.  This  program  is  a  spin-off  of  a  coop¬ 
erative  program  between  the  Soil  Mechanics  Bureau  and  the 
New  York  State  Office  of  the  Soil  Conservation  Service,  U.S. 
Department  of  Agriculture  (SCS).  The  program  originated  in 
the  1950’s  between  the  SCS  and  the  Bureau  of  Public  Roads 
(BPR)  as  a  research  project.  In  1965  the  BPR  withdrew  from 
the  program  feeling  that  the  research  aspects  had  been  com¬ 
pleted.  BPR  felt  that  the  states  should  continue  the  program 
as  an  inventory  saying,  “It  is  important  that  the  states  have  a 
knowledge  of  the  available  sources  of  natural  materials  for 
future  highway  construction,  and  that  the  most  economical 
utilization  of  these  materials  be  planned  (United  States  De¬ 
partment  of  Commerce,  Bureau  of  Public  Works,  1965).  As  a 
result  of  the  State  agreement,  members  of  the  Soil  Survey 
and  Mapping  Unit  have  been  working  closely  with  SCS  soil 
scientists  on  the  engineering  evaluation  of  the  soils  of  New 
York. 

THE  NATURE  OF  GRANULAR 
MATERIAL  SURVEYS 

Many  other  states  are  engaged  in  similar  programs.  I  will 
briefly  mention  two.  The  Kansas  Department  of  Transporta¬ 
tion  (1977)  utilizes  aerial  photo  interpretations  to  provide,  on 
a  county-by-county  basis,  construction  material  inventories. 
In  Kansas  both  consolidated  and  unconsolidated  deposits  are 


identified  and  their  construction-material  potentials  eva¬ 
luated.  The  State  of  Maine  has  also  utilized  aerial  photogra¬ 
phy  to  produce  materials  inventories.  They  identify  only 
unconsolidated  deposits  and  the  field  work  is  done  by  geolo¬ 
gists  who  check  the  interpreter’s  identification,  estimate  vol¬ 
umes  and  determine  availability.  While  these  are  usually 
produced  in  conjunction  with  specific  construction  projects, 
full  quadrangle  coverage  is  also  made.  In  addition  to  work  of 
this  type  by  state  agencies,  the  United  States  Geological 
Survey  has  produced  quadrangle  maps  showing  sand  and 
gravel  resources  in  Massachusetts  and  Connecticut  and  per¬ 
haps  other  states. 

Here  in  New  York  others  have  produced  similar  reports. 
The  New  York  State  Geological  Survey  has  prepared  small 
scale  inventory  information  for  various  Regional  Planning 
Boards  and  other  planning  organizations  such  as  the  Hudson 
River  Planning  Commission.  Usually  a  regional  map  is  pro¬ 
duced  and  known  operations  inventoried.  Additionally  an 
economic  analysis  of  the  construction  material  markets  have 
been  made  (Fakundiny,  1978,  and  Wallace,  and  others, 
1969).  The  Department  of  Transportation  Materials  Bureau 
requires  producers  of  granular  aggregate  to  provide  “Geolog¬ 
ic  Sources  Reports”  (Toung,  1978)  which  are  detailed  geolog¬ 
ic  analyses  of  individual  deposits.  The  purpose  of  these 
reports  is  to  help  maintain  quality  control  of  mineral  aggre¬ 
gate  material.  The  Soil  Mechanics  Bureau’s  work  represents 
a  middle  ground  between  broad  regional  coverage  and  de¬ 
tailed  individual  source  reports. 

DESCRIPTION  OF  PROGRAM 

A  brief  description  of  the  cooperative  operation  between 
SCS  and  the  Soil  Mechanics  Bureau  will  illustrate  the 
methods  used  to  produce  the  county  inventories.  The  Bu¬ 
reau  provides  the  excavating  equipment  for  test  pits,  samples 
the  soil  profile,  performs  laboratory  testing  on  these  samples, 
evaluates  test  results  and  helps  produce  the  engineering  ap¬ 
plications  section  of  the  county  soil  surveys.  Through  this 
program  our  personnel  have  the  opportunity  to  evaluate  the 
quality  of  the  soil  mapping  in  each  county  and  to  glean 
knowledge  from  the  individuals  who  have  spent  several  years 
mapping  soils  in  a  particular  county.  SCS  provides  us  with  a 
complete  set  of  field  mapping  sheets  several  years  prior  to 
the  publication  of  the  soil  survey  data. 

The  Bureau’s  experience  utilizing  soil  surveys  in  New  York 
for  terrain  reconnaissance  work  has  been  good  and  we  have 
confidence  in  our  ability  to  correctly  relate  soil  survey  infor¬ 
mation  to  parent  material  type  and  landforms  (Hofmann  and 
Fleckenstein,  1961).  The  method  for  compiling  maps  is  nei¬ 
ther  new  nor  unique.  Soil  survey  map  units  are  converted 
into  depositional  units  based  on  landform  and  parent  mate¬ 
rial.  Other  geologic  publications,  groundwater  bulletins  and 
air  photos  are  also  utilized.  The  depositional  units  containing 
granular  material  are  classified  as  sources  either  of  primary  or 
secondary  importance  based  mostly  on  water  table  position 
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or  on  sedimentological  or  structural  complexities  that  may 
make  mining  expensive.  These  sources  either  may  be  current 
extractive  mining  sites  or  may  be  presently  utilized  for  other 
purposes.  Included  are  the  depositional  units  comprising  mo¬ 
rainic  till;  outwash;  ice-contact  deposits,  mostly  kames  and 
eskers;  lacustrine  shore  deposits,  such  as  deltas,  beaches  and 
bars;  and  alluvial  fans.  Those  sites,  which  were  sampled  in 
conjunction  with  transportation  construction  projects  through 
the  years,  are  plotted  and  test  results  for  gradation,  plasticity 
index  and  four-cycle  magnesium  sulfate  loss  are  tabulated. 
While  we  make  a  general  field  review  of  each  county  we  do 
not  utilize  geologists  to  inspect  each  delineated  area  and  we 
do  not  estimate  reserves  at  any  site.  Likewise,  the  availabil¬ 
ity  of  deposits  is  not  determined. 

UTILIZATION  OF  THE  SURVEYS 

The  main  purpose  is  to  locate  and  delineate  the  extent  of 
depositional  units.  The  principal  audience  for  these  surveys 
are  the  Department’s  Regional  Soils  Engineers  and  the  Resi¬ 
dent  Maintenance  Engineers  in  each  county.  Additionally, 
the  Regional  Soils  Engineers  may  make  these  maps  available 
to  prospective  bidders  for  transportation  construction  proj¬ 
ects.  Departmental  regulations  require  that  granular  mate¬ 
rials  resources  survey  reports  be  made  available  if  prepared 
for  a  project.  While  these  reports  are  not  prepared  for  a 
particular  project,  the  intent  is  to  allow  a  bidder  information 
that  may  help  provide  quality  materials  at  a  price  favorable 
to  the  taxpayer.  A  standard  disclaimer  included  on  each  map 
sheet  states:  The  Department  makes  no  representations  or 
warranties,  expressed  or  implied,  as  to  the  completeness  or 
accuracy  of  this  information  or  data,  nor  is  such  disclosure 
intended  as  a  substitute  for  personal  investigations,  interpre¬ 
tations  and  judgment  of  the  bidder. 


SUMMARY 

In  summary,  this  type  of  inventory  is  adequate  for  the 
Department’s  purpose  of  delineating  potential  sources  of  ma¬ 
terial  within  a  county.  Regional  soils  personnel  can  add  to 
this  information  for  any  transportation  project  in  the  area. 
Because  the  Department  does  not  specify  sources  of  material 
for  earthwork  items,  it  is  incumbent  upon  the  bidders  to 
obtain  acceptable  sources.  Prospective  bidders  may  utilize 
the  information  as  a  beginning  for  evaluations  either  by  their 
own  geotechnical  personnel  or  by  geotechnical  consultants. 
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ABSTRACT 


INTRODUCTION 


In  1976  allegedly  hazardous  concentrations  of  chrysotile 
asbestos  fibers  were  found  in  the  air  near  roadways  covered 
with  unbound  crushed  stone  from  the  Rockville  Crushed 
Stone,  Inc.  quarry  at  Rockville,  Maryland.  The  Rockville 
situation  caused  the  United  States  Environmental  Protection 
Agency  (U.S.E.P.A.)  to  instigate  a  nationwide  search  for 
quarries  producing  asbestos-bearing  crushed  stone.  In  New 
York  State,  the  U.S.E.P.A.  is  working  with  three  units  of 
State  government — Transportation,  Environmental  Conserva¬ 
tion  and  the  Geological  Survey — 4  conduct  a  survey  of  quar¬ 
ries.  The  goals  of  the  survey  ari  .  il)  to  check  sources  of 
crushed  stone  for  chrysotile,  amphibo.^  asbestos  and  for  reg¬ 
ulatory  asbestos;  (2)  to  give  a  rough  estimate  of  the  abun¬ 
dance  of  suspect  materials;  and  (3)  to  analyze  sampling 
procedures  for  both  reconnaissance  and  statistically  valid  de¬ 
terminations. 

Determination  of  the  quantity  of  breathable  asbestos  which 
can  get  into  the  air  as  a  result  of  the  use  of  a  stone  product  is 
often  exceptionally  difficult,  particularly  in  that  any  such  as¬ 
bestos  is  a  fortuitous  and  incidental  result  of  the  mining  and 
manufacturing  process.  Statistically  valid  procedures  often 
would  be  very  expensive  and  would  require  knowledge  of 
the  unique  aspects  of  many  operations.  No  rules  would  fit  all 
cases.  For  reconnaissance  sampling,  such  as  that  done  for 
this  project,  a  knowledge  of  petrologic  associations  and  of 
mining  and  milling  operations  leads  to  procedures  which  are 
both  rapid  and  effective.  The  probability  of  occurrence  of 
significant  quantities  of  asbestos  or  amphiboles  was  deter¬ 
mined  in  each  case. 

The  rules  of  mineral  associations  allowed  us  to  restrict  our 
search  for  chrysotile  asbestos  to  basic  or  ultrabasic  igneous 
rocks  (or  their  altered  equivalents)  and  to  serpentine-bearing 
marbles.  Although  serpentinous  rocks  occur  in  New  York, 
none  of  the  records  of  the  State  agencies  indicate  that  ser¬ 
pentine  presently  is  being  quarried  in  New  York.  However, 
olivine  diabases  are  quarried  in  southern  New  York  and 
could  conceivably  contain  chrysotile.  In  addition,  some 
crushed  stone  products  are  produced  from  areas  where  it  is 
geologically  possible  for  amphibole  asbestos  to  occur. 

Ten  sources  of  crushed  stone,  including  both  quarries  and 
piles  of  mine  tailings,  were  selected  for  more  detailed  inves¬ 
tigation  by  geologists  from  Dunn  Geoscience  Corporation 
and  the  Geological  Survey.  Rocks  at  each  locality  were  ob¬ 
served,  sampled,  and  the  possibility  of  the  occurrence  of 
asbestos  was  assessed.  The  use  of  petrologic  mineral  associa¬ 
tions  saved  considerable  time. 

Because  of  the  exact  nature  of  the  health  hazard  from 
amphibole  and  chrysotile  is  still  controversial,  no  evaluation 
of  danger  is  attempted  or  implied  by  this  work. 


Asbestos,  Health,  and  Regulation.  It  has  been  known  for 
some  time  that  occupational  exposure  to  large  amounts  of 
dust  from  some  commercial  asbestos  could  lead  to  serious 
illness  or  death.  Fibrosis  of  the  lung  called  asbestosis  and 
cancer  of  the  pleura  or  peritoneum  (mesothelioma)  are  two  of 
the  conditions  that  have  been  linked  to  such  exposure. 
Chrysotile,  corcidolite,  and  amosite  are  the  major  commer¬ 
cial  varieties  of  asbestos  (see  Table  1).  Tremolite  of  the  asbes- 
tiform  variety  also  has  caused  concern  because  of  its  presence 
in  some  commercial  talc  deposits. 

Considerable  effort  has  been  expended  since  1972  by  agen¬ 
cies  of  the  federal  government  to  regulate  worker  exposure  to 
asbestos  particles  in  mines  (by  MESA,  Mining  Employees 
Safety  Administration)  and  in  factories  (by  OSHA,  Occupa¬ 
tional  Safety  and  Health  Administration).  The  definition  of 
asbestos  used  by  these  agencies  for  regulatory  purposes  does 
not  conform  to  the  mineralogical  usage  and  includes  stubby 
mineral  fragments  with  length-to-width  ratios  of  as  little  as 
3:1.  In  addition,  for  purposes  of  air  quality  regulation,  the 
United  States  Environmental  Protection  Agency 
(U.S.E.P.A.)  also  now  defines  as  asbestos  all  particles  of 
tremolite,  actinolite,  anthophyllite,  cummingtonite,  riebeck- 
ite  or  chrysotile  which  have  length-to-width  ratios  of  greater 
than  3:1.  Hornblende  of  identical  shape  is  specifically 
eliminated.  Whether  hornblende  or  other  minerals,  such  as 
zeolites,  which  may  crystallize  or  fracture  to  3:1  or  greater 
length-to-width  ratios  will  ultimately  be  included  in  the  as¬ 
bestos  category  is  not  certain  at  this  time. 


TABLE  1 


Mineralogic  Asbestos  And  Their 
Non-Asbestiform  Analogs 


N  on-Asbestiform 
Specie 

serpentine 
amphibole  group 
riebeckite 
actinolite 
tremolite 
anthophyllite 

cumming- 

tonite- 

grunerite 


Name  of  Asbestiform 
Chemical  Composition  Variety 

3Mg0*2Si02a2H20  chrysotile 


Na20»Fe203»3Fe0»8Si02»H20 

2Ca0.4Mg0.Fe0.8Si02.H20 

2Ca0.5Mg0.8Si02.H20 

7Mg0.8Si02.H20 


crocidolite 

asbestiform  actinolite 
asbestiform  tremolite 
asbestiform  anthoph¬ 
yllite 


5.5Fe0«1.5Mg0»8Si02»H20  amosite 


Concern  about  asbestos  in  the  non-occupational  environ¬ 
ment  began  in  1971  when  Langer,  Selikoff,  and  Sastre  of  the 
Mount  Sinai  School  of  Medicine  found  chrysotile  asbestos 
fibers  in  the  lungs  of  New  York  City  residents  who  were  not 
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Figure  1  Map  indicating  areas  where  asbestos  may  occur  and  the  location  of  sites  studied. 


serpentine  quarry  at  Rockville,  Maryland,  famous  not  as  a 
major  supplier  of  crushed  stone  in  the  Washington,  D.C., 
area  but  as  the  quarry  whose  product  contained  asbestos. 
The  high  school  teacher,  Donald  Maxey,  found  fibers  in  the 
dust  near  the  quarry  in  June  of  1976  and  notified  Rohl, 
Langer,  and  Selikoff  at  the  Mount  Sinai  School  of  Medicine 
who  confirmed  that  the  fibers  were  chrysotile  asbestos.  A 
preliminary  dust  collecting  and  air  monitoring  study  was  con¬ 
ducted  by  the  Mount  Sinai  group  starting  August,  1976. 
Their  results  were  made  public  first  in  a  series  of  newspaper 
stories  in  the  Washington  Post  starting  in  September,  1976. 
An  article  on  the  subject  later  appeared  in  Science  (Rohl,  et 
al.,  1977). 

It  also  happened  that  an  employee  of  the  Environmental 
Defense  Fund  (E.D.F.)  lived  only  a  few  miles  away  from  the 
quarry.  Ultimately  the  E.D.F.  petitioned  the  U.S.E.P.A.  to 
stop  the  use  of  all  asbestos-bearing  crushed  stone  for  road 
building  in  the  Rockville  area  and  called  for  an  extensive 
study  to  determine  if  similar  quarry  products  were  being 
produced  in  other  states.  The  ultimate  goal  of  the  study 
would  be  to  reduce  air  pollution  resulting  from  the  use  of 
asbestos-bearing  crushed  stone. 


When  in  response  to  this  pressure  the  U.S.E.P.A.  started 
such  a  study,  it  recognized  that  a  nationwide  air  monitoring 
program  would  be  prohibitively  expensive  so  instead  it  opted 
to  seek  out  all  mines  and  quarries  supplying  asbestos-bearing 
crushed  stone.  Using  a  knowledge  of  the  laws  of  mineral 
occurrences  only  those  areas  of  the  country  were  considered 
whose  bedrock  could  possibly  contain  asbestos. 

Of  primary  interest  after  the  Rockville  experience  were 
stone  sources  that  are  operating  in  rocks  which  contain  chrys¬ 
otile  asbestos.  Those  sources  operating  in  rocks  that  contain 
amphibole  asbestos  and/or  other  elongate  fracturing  minerals 
(regulatory  asbestos)  were  of  secondary  interest.  The  chrys¬ 
otile  survey  areas  of  the  country  with  serpentine  outcrops 
were  delineated  by  the  U.S.E.P.A.  using  published  data. 
Areas  of  igneous  and  metamorphic  rocks  compatible  with  the 
other  suspect  minerals  would  be  targeted  for  the  next  phase 
of  the  study.  Because  the  funding  for  the  entire  project  is 
minimal,  government  agencies  from  the  states  with  suspect 
rocks  were  asked  to  participate.  New  York  State  was  in¬ 
cluded  because  it  has  rocks  compatible  with  chrysotile  asbes- 
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tos  and  other  suspect  minerals  both  in  the  Adirondack  area 
and  in  the  southeastern  part  of  the  State  (Figure  1).  Three 
units  of  State  government — Transportation,  Environmental 
Conservation  and  the  Geological  Survey — were  able  to  offer 
limited  assistance  to  the  U.S.E.P.A.  Scientists  at  the  Geolo¬ 
gical  Survey  used  published  and  unpublished  data  available 
at  the  three  agencies  to  refine  the  delineation  of  the  areas  of 
interest  and  to  select  quarries  that  warranted  detailed  study. 
The  actual  quarry  visits,  sampling  and  laboratory  examination 
of  the  samples  was  done  on  a  contract  basis  by  James  R. 
Dunn  of  the  Dunn  Geoscience  Corporation  with  the  assis¬ 
tance  of  M.  Raymond  Buyce  of  the  Geological  Survey.  Fund¬ 
ing  was  provided  by  the  U.S.E.P.A.  through  the  New  York 
State  Department  of  Environmental  Conservation. 

THE  SELECTION  OF  NEW  YORK  STATE 
SITES 

Using  the  New  York  State  Geologic  Map  (Fisher,  et  ah, 
1970)  and  other  published  and  unpublished  geological  data, 
the  areas  of  interest  were  blocked  out  (Figure  1).  The  loca¬ 
tions  of  all  crushed  stone  sources  in  these  areas  were  com¬ 
piled  from  (1)  the  mineral  producers’  list  of  the  Geologic 
Survey,  (2)  the  list  of  quarries  approved  by  the  Department 
of  Transportation  to  supply  aggregate  for  road  building  in  the 
State,  and  (3)  the  file  of  applications  for  quarry  operation 
permits  at  the  Department  of  Environmental  Conservation. 
In  all,  ten  sources  of  crushed  stone  including  active  quarries 
and  piles  of  mine  tailings  were  selected  for  more  detailed 
investigation. 

For  the  selection  of  sites  with  chrysotile  asbestos  potential, 
serpentine  bodies  such  as  the  one  exposed  on  Staten  Island 
and  areas  of  serpentine-bearing  marbles  in  the  Adirondaeks 
and  the  southeastern  part  of  the  State  were  outlined  on 
maps.  Laws  of  mineral  associations  also  made  it  necessary  to 
consider  basic  and  ultrabasic  rocks  including  the  olivine 
diabases  (called  trap  rock  by  the  quarry  industry)  of  the 
Palisades  sill  in  southeastern  New  York.  Records  on  file  at 
the  Staie  agencies  indicate  no  active  serpentine  quarries  in 
New  York  State  at  this  time.  Therefore,  the  only  crushed 
stone  sources  in  the  State  with  any  potential  for  chrysotile 
asbestos  are  the  trap  rock  quarries  (sites  7,8,  and  10  on 
Figure  1  and  in  the  summary  of  results). 

Many  of  the  metamorphic  rocks  of  the  Adirondaeks  and  of 
southeastern  New  York  have  a  potential  for  amphiboles  and 
regulatory  asbestos.  The  trap  rocks  may  contain  amphiboles 
and/or  regulatory  asbestos  also.  The  Adirondack  sites  selected 
for  detailed  study  all  utilize  by-products  or  overburden  rocks 
from  mining  operations  as  crushed  stone  sources  (sites  1  to 
6).  The  sites  in  southeastern  New  York  selected  for  their 
amphibole  potential  include  the  trap  rock  quarries  (sites  7,8, 
and  10)  and  a  dolomite  quarry  (site  9)  all  of  which  produce 
crushed  stone  as  their  primary  product. 

GOALS 

1)  To  determine  at  each  site  if  the  rocks  being  processed 
for  crushed  stone  contain  (a)  chrysotile  asbestos  and/or  (b) 
amphibole  asbestos  or  regulatory  asbestos. 

2)  To  make  rough  estimates  of  the  abundance  of  suspect 
minerals  in  (a)  the  source  rock  and  (b)  the  crushed  stone 
product. 

3)  To  suggest  a  valid  procedure  of  detailed  sampling  that 
could  be  used  in  a  follow-up  study  to  obtain  more  quantita¬ 
tive  information. 


SAMPLING  PROCEDURES 

General.  The  U.S.E.P.A.  had  considerable  uncertainty  about 
the  methods  to  be  employed  in  the  sampling  of  each  individ¬ 
ual  quarry.  Initial  draft  procedures  suggested  sampling  dust 
and  taking  rock  samples  from  active  sections  of  quarries 
every  100  feet.  The  procedure  was  widely  criticized  as  being 
unrealistically  expensive,  cumbersome  and  statistically  in¬ 
valid.  An  alternate  draft  recommended  taking  large  quantities 
of  rock  from  conveyor  belts  in  the  processing  plants;  a  proce¬ 
dure  that  we  also  considered  invalid.  In  our  opinion  satisfac¬ 
tory  procedures  for  determining  the  asbestos  potential  of 
crushed  stone  sources  by  site  visits,  sampling  and  the  labora¬ 
tory  examination  of  the  samples  had  not  yet  been  developed. 
Establishment  of  some  valid  approaches  to  these  problems 
had  to  be  accomplished  before  we  could  proceed  with  the 
study  of  selected  New  York  State  crushed  stone  sources. 

The  presence  or  absence  of  suspect  minerals.  Just  as  a 
knowledge  of  botany  enables  one  to  avoid  wasting  time  look¬ 
ing  for  bananas  in  an  apple  orchard,  a  knowledge  of  the 
petrology  of  equilibrium  assemblages  of  minerals  helps  one  to 
simplify  a  search  for  asbestos.  Rock  material  of  given  chemi¬ 
cal  composition  which  has  formed  under  a  particular  set  of 
temperature-pressure  conditions,  with  a  particular  set  of  par¬ 
tial  pressures  of  volatiles  (mainly  water)  is  comprised  of  a 
predictable  assemblage  of  minerals  called  a  facies.  The  min¬ 
erals  of  such  an  assemblage  are  in  equilibrium  with  the 
conditions  under  which  they  formed  and  with  each  other — 
certain  minerals  are  known  to  occur,  the  occurrence  of  some 
others  is  possible,  and  of  others  is  virtually  impossible.  For 
instance,  chrysotile  asbestos  is  a  so-called  silica — undersat¬ 
urated  mineral.  It  cannot,  therefore,  occur  in  phase  equilib¬ 
rium  in  quartz-rich  rocks  because  in  such  rocks  chrysotile 
would  have  combined  with  silica  to  form  amphibole,  pyrox¬ 
ene  or  chlorite  depending  on  the  temperature. 

If  a  quarry  or  mine  contains  only  typical  equilibrium  min¬ 
eral  assemblages,  the  mineralogy  is  largely  predictable  and 
site  investigations  are  very  simple.  Most  rocks  at  most  quar¬ 
ries  consist  of  such  predictable  assemblages  of  minerals.  In¬ 
vestigating  such  rocks  can  be  done  rapidly  and  accurately. 

However,  a  major  complicating  factor  in  site  investigations 
are  the  disequilibrium  mineral  assemblages  found  in  veins  or 
alteration  zones.  Most  asbestos  minerals  occur  in  such  veins 
or  alteration  zones.  The  mineral  assemblages  of  such  zones 
are  not  fully  predictable  because  in  most  cases  they  are 
superimposed  or  imprinted  assemblages  which  result  from 
alteration  of  original  assemblages  largely  by  aqueous  fluids  of 
varying  temperatures,  pressures,  and  compositions.  The  re¬ 
sulting  minerals  may  be  broadly  called  “hydrothermal”  or 
“metasomatic.”  Such  alteration  may  be  essentially  hydration, 
such  as: 

CaS04  +  2H20  -»  CaS02  .  2H20 

(anhydrite)  (water)  (gypsum) 

Serpentine  is  basically  a  hydration  product  of  olivine  (or 
some  pyroxenes)  and  is  very  common  where  olivine  occurs. 
Most  hydrothermal  or  metasomatic  minerals  occur  in  or 
around  fractures  which  are  variably  filled  with  such  minerals. 
The  minerals  in  the  veins  may  be  the  same,  in  part,  as  those 
of  the  host  rock,  but  more  commonly  the  vein  minerals  are 
different.  In  nearly  all  cases  the  veins  and  alteration  products 
are  a  different  color  than  the  host  rock. 

For  many  mining  operations  there  is  a  considerable  body 
of  literature  and  the  mineral  assemblage  has  been  described 
in  detail.  All  of  the  major  minerals  and  most  of  the  minor 
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minerals  associated  with  the  ore  presumably  are  known. 
However,  even  with  extensive  previous  knowledge,  if  the 
work  was  not  specifically  directed  toward  searching  for  asbes- 
tiform  minerals,  such  minerals  could  have  been  missed.  In 
such  cases,  sampling  and  investigation  should  concentrate  on 
rarer  assemblages  of  minerals  or  on  alteration  zones  where 
secondary  minerals  of  a  suspect  nature  might  occur. 

To  determine  if  any  of  the  suspect  minerals  are  present  in 
the  rocks  of  each  selected  site,  we  first  searched  the  litera¬ 
ture  for  known  data  concerning  the  mineral  assemblage,  then 
we  visited  the  site  to  personally  observe  and  define  the 
typical  host  rock  and  to  search  for  alteration  zones  (which 
commonly  are  bleached).  The  typical  mineralogy  of  such 
anomalous  areas  was  checked  in  each  operation.  Where  the 
alteration  and  vein  zones  contained  minerals  which  were 
suspicious  and  could  not  be  identified  in  the  field,  samples 
were  collected  for  thin  sectioning  and  petrographic  study. 
Samples  selected  for  further  study  were  slabbed  in  the  labo¬ 
ratory  with  a  diamond  saw,  the  parts  of  interest  marked,  and 
sent  to  D.  M.  Organist  for  thin  sectioning.  The  mineralogy  of 
thin  sections  was  checked  by  J.  R.  Dunn  with  a  standard 
petrographic  microscope  at  magnifications  up  to  430  X. 

Rough  estimation  of  suspect  mineral  abundance.  If  an  ac¬ 
curate  determination  of  the  abundance  of  asbestiform  min¬ 
erals  is  to  be  made,  one  must  follow  a  sampling  procedure 
which  is  carefully  designed  to  yield  a  sample  that  is  repre¬ 
sentative  of  the  source  rock  and  is  large  enough  to  be  statisti¬ 
cally  valid.  The  sample  thus  taken  must  then  be  reduced  to  a 
manageable  size  without  changing  the  relative  percentages  of 
the  constituent  minerals. 

Normal  sample  sizes  for  the  quantitative  determination  of 
the  economic  mineral  content  of  a  rock  are  summarized  in 
Table  2  (from  Cummins  and  Given,  1973,  p.  5-73.  Engi¬ 
neer’s  Handbook).  Sample  sizes  for  asbestos  determination 
would  require,  at  a  minimum,  the  large  quantities  of  the  last 
column  because  the  asbestos  occurs  as  “spotty”  ore.  Samples 
should  be  even  larger  when  asbestos  is  only  fortuitously  pro¬ 
duced  because  the  operator  is  not  trying  to  produce  a  prod¬ 
uct  that  is  uniform  in  asbestos  content.  This  is  in  sharp 
contrast  to  most  mining  operations  which  are  sampled  where 
the  economic  mineral  usually  is  intentionally  present  in  the 
ore  handled  and  sampled.  It  would  appear  that  obtaining 
samples  of  rock  which  truly  reflect  the  asbestos  content  of  a 
deposit  would  require,  perhaps,  samples  several  times  larger 
than  indicated  in  the  last  column  of  Table  2. 

Once  a  sample  is  taken,  it  must  be  reduced  in  some 
manner  so  a  manageable  fraction  can  be  analyzed  chemically 
or  physically.  Basically,  the  crushing,  screening  and  reduc¬ 
tion  process  is  shown  in  Table  2.  To  reduce  a  sample  to 
0.0041"  from  4"  would  require  ten  steps  of  crushing,  screen¬ 
ing  and  sample  reduction.  To  get  to  “electron  microscope 
size”  would  require  more  steps.  A  major  problem  in  size 
reduction  and  quantification  of  asbestos  content  is  the  shape 
of  asbestiform  particles.  The  problem  of  getting  elongated, 
flexible  fibers  through  a  screen  with  square  openings  so  that 
the  sieved  material  quantitatively  reflects  the  asbestos  con¬ 
tent  of  the  bulk  sample  to  our  knowledge  has  not  been 
solved . 

Considering  the  problem  of  obtaining  statistically  valid 
samples,  it  was  apparent  that  statistical  validity  could  not 
possibly  be  a  part  of  this  reconnaissance  phase  of  sampling, 
and  only  very  rough  estimates  were  made  of  the  abundance 
of  any  suspect  minerals  that  were  found.  An  analysis  of  fu¬ 
ture  sampling  procedures  that  could  be  employed  at  each 
site  to  produce  more  quantitative  data  was  also  made. 


To  come  up  with  a  very  rough  estimate  of  the  abundance 
of  a  particular  suspect  mineral  found  at  a  site,  we  followed 
the  procedure  outlined  below.  First,  one  determines  if  the 
mineral  is  (1)  uniformly  distributed  throughout  the  main 
body  of  the  rock  (unlikely)  or  (2)  present  in  alteration  zones 
or  veins.  The  abundance  of  a  uniformly  distributed  compo¬ 
nent  can  be  determined  by  using  the  standard  petrographic 
technique  of  point  counting  thin  sections  of  samples  of  the 
rock.  In  the  latter  case,  which  is  more  commonly  encoun¬ 
tered,  the  geologist  estimates  the  abundance  of  the  mineral 
in  the  veins  or  zones  and  estimates  their  abundance  in  the 
rock  being  quarried. 

TABLE  2 


Minimum  Permissible  Sample  Weight  at 
Different  Particle  Sizes 


Diameter  of 

Largest  Pieces  Very  Low  Grade 
or  Very  Uniform 

In.  Mesh  Ore ,  Lb. 

Medium  Rich  or  Spotty 

Ores,  Ores, 

Lb.  Lb. 

4 

4,800 

35,556 

2 

1,200 

8,889 

51,200 

1 

300 

2,222 

12,800 

0.5 

75 

556 

3,200 

0.25 

19 

129 

800 

0.131 

6 

5.15 

38.1 

220 

0.650 

10 

1.29 

9.5 

55 

0.0328 

20 

0.322 

2.37 

13.76 

0.0164 

35 

0.081 

0.59 

3.44 

0.0082 

65 

0.020 

0.15 

0.86 

0.0041  150 

0.005 

0.038 

0.215 

It  is  important  to  consider  how  the  abundance  estimate  for 
the  source  rock  relates  to  that  of  the  product.  One  must  take 
into  account  how  the  particular  processes  of  mining  and  mill¬ 
ing  employed  at  each  site  affects  the  abundance  of  the  sus¬ 
pect  mineral  in  the  rock  being  processed. 

Asbestiform  or  other  suspect  minerals  may  be  largely 
eliminated  in  the  mining  or  they  may  all  go  to  the  mill.  For 
example,  a  diabase  (“trap  rock”)  consists  mainly  of  pyroxene, 
plagioclase  and  magnetite  and  sometimes  olivine.  When 
fresh,  such  a  rock  contains  no  minerals  which  are  currently 
classified  as  asbestiform.  However,  such  diabases  usually 
have  zones  of  alteration,  with  the  exact  nature  of  the  altera¬ 
tion  dependent  upon  the  temperature  of  alteration,  the  na¬ 
ture  of  any  shear  stresses,  the  availability  of  water,  the 
composition  of  the  water  and  the  diabase,  etc.  The  alteration 
zones  may  contain  several  suspect  minerals  such  as  chrys- 
oble,  amphiboles  or  zeolites.  However,  extensively  altered 
zones  usually  are  zones  of  weak  rock  which  will  not  meet 
specifications  for  aggregate.  Therefore,  in  a  well  run  opera¬ 
tion,  such  zones  are  separated  from  high  quality  rock  in 
various  ways  and  appear  in  minimal  quantities  in  the  final 
product.  Thus,  the  presence  of  asbestiform  minerals  in  the 
mining  operation  does  not  necessarily  lead  to  their  presence 
in  significant  quantities  in  the  product. 

How  the  rock  is  milled  (e.g.,  wet  process  versus  a  dry 
process)  may  have  a  radical  influence  on  the  nature  of  the 
final  product.  Such  an  effect  is  discussed  for  site  9  at  Patter¬ 
son  in  the  Summary  of  Results  below. 

In  the  examples  cited  above  crushed  stone  is  the  primary 
product  of  the  mining  operation  but  in  all  of  the  Adirondack 
localities  investigated  it  is  produced  as  a  by-product  of  either 
active  or  dormant  mining  operations.  Knowledge  of  where 
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the  by-product  originates  in  the  processing  of  the  ore  is 
critical  to  the  estimation  of  the  relationship  between  the 
abundance  of  the  suspect  mineral  in  the  source  rock  and  in 
the  crushed  stone. 

Dust  samples.  Probably  the  easiest  sample  to  take  is  a  dust 
sample  from  the  mill  area.  Such  a  sample  has  the  virtue  of 
being  an  excellent  historic  representation  of  the  dust  from 
rock  which  passed  that  part  of  the  mill.  Because  no  two 
operations  are  identical,  dust  samples  should  be  taken  at 
active  operations  in  the  area  where  the  waste  which  actually 
goes  to  aggregate  leaves  the  plant.  Where  waste  piles  of 
dormant  operations  are  processed  for  aggregate,  dust  should 
be  sampled  at  the  processing  site.  Because  such  dust  samples 
are  historic  in  nature  reflecting  past  dust,  they  may  or  may 
not  be  predictive. 

At  each  site  where  it  was  practicable  a  composite  dust 
sample  was  taken  to  represent  the  crushed  stone  product 
being  produced.  The  dust  samples  were  retained  for  possible 
eventual  analysis. 

Future  Sampling  for  More  Quantitative  Data.  No  single  set 
of  statistically  valid  sampling  procedures  can  be  devised  that 
is  feasible  for  a  more  quantitative  follow-up  study  of  all  the 
crushed  stone  sources.  Using  a  knowledge  of  petrographic 
mineral  associations  and  an  understanding  of  the  mining  and 
milling  techniques  used  at  each  suspect  source,  however,  we 
were  able  to  suggest  future  sampling  procedures  that  would 
produce  more  quantitative  data  for  each  site.  These  sugges¬ 
tions  are  included  in  the  Summary  of  Besults  below. 

SUMMARY  OF  RESULTS 

The  following  sources  of  crushed  stone  were  selected  for 
more  detailed  investigation  by  scientists  from  Dunn  Geo¬ 
science  Corporation  and  the  Geological  Survey  (see  Figure  1 
for  locations).  A  note  following  each  describes  the  potential 
for  asbestos  or  for  the  presence  of  minerals  which  commonly 
fracture  to  greater  than  3:1  aspect  ratio.  For  more  details  see 
Dunn  (1979). 

1)  Republic  Steel  Corporation  at  Lyon  Mountain  (iron, 
mine  inactive).  Mineralogy  verified  by  sampling  rock  in  pits. 
Dust  sample  taken  downwind  from  smaller  crusher  which  is 
used  to  crush  road  aggregate. 

Present  observations:  The  minerals  which  most  tend  to 
fracture  to  elongated  splinters  are  hornblende,  sillimanite, 
and  possibly  stilbite,  with  the  first  very  common,  the  latter 
ones  rare.  A  truly  fibrous  asbestiform  amphibole  is  found 
locally  in  pockets  within  the  ore  zone.  The  mineral  has 
been  called  byssolite  (Whitlock,  1907)  but  its  identity  was 
not  checked  in  this  project.  Byssolite  is  not  common  in  the 
ore  and  was  difficult  to  find.  Locally  it  might  comprise  a 
fraction  of  a  percent  of  the  ore.  Fibrous  byssolite  is  appar¬ 
ently  quite  rare  in  the  deposit.  Evaluating  the  possibility 
of  its  reaching  dangerous  quantities  in  air  would  be  excep¬ 
tionally  difficult.  However,  even  where  it  was  observed,  it 
was  only  a  small  fraction  of  a  percent  of  the  local  ore. 

Future  sampling:  If  hornblende,  or  any  other  minerals  lis¬ 
ted,  were  ever  determined  to  be  hazardous  to  human 
health,  the  best  sampling  method  appears  to  be  taking 
dust  from  those  parts  of  the  mill  along  which  the  reject 
rock  traveled  to  the  waste  piles. 

2)  Barton  Mines  on  Gore  Mountain,  near  North  Creek 
(garnet).  Mineralogy  verified  by  checking  rock  in  the  pits. 
Dikes  and  bleached  rocks  sampled.  Dust  sampled  at  con¬ 
veyor  which  takes  reject  material  to  piles  used  for  aggregate. 


Present  observations:  Most  minerals  in  the  deposit  do  not 
normally  fracture  to  elongated  particles.  Hornblende,  how¬ 
ever,  normally  fractures  to  a  greater  than  3:1  ratio  and  is 
very  common.  No  truly  fibrous  minerals  were  observed 
and  none  appear  likely. 

Future  sampling:  The  best  blended  sample  should  be  dust 
taken  from  along  the  conveyors  which  remove  waste  rock 
to  the  dump.  If  hornblende  or  some  other  common  min¬ 
eral  were  considered  to  be  a  health  problem,  the  fractions 
of  that  mineral  in  the  dust  could  be  readily  determinable. 
The  mine  is  small  and  observation  of  faces  can  be  done 
quickly  and  suspect  minerals  collected  readily.  Sampling 
the  piles  which  are  used  for  aggregate  should  give  good 
statistical  samples  provided  the  mineral  being  investigated 
is  a  major  constituent  like  hornblende. 

3)  NL  Industries,  Inc.  at  Tahawus  (titanium  and  iron). 
Mineralogy  verified  by  observations  of  rock  in  the  pit.  Al¬ 
tered  rocks  checked  for  asbestiform  minerals.  Dust  sampled 
in  area  of  main  crusher  where  rock  used  for  aggregate  is 
removed  from  mill  as  waste. 

Present  observations:  No  fibrous  minerals  were  observed. 
Only  hornblende  and  sometimes  pyroxene  fracture  to  a 
greater  than  3:1  aspect  ratio. 

Future  sampling:  The  rock  used  for  aggregate  comes  from 
cobbed  rock  waste  piles.  Sampling  those  piles  would  be 
very  expensive  because  of  the  large  size  of  the  rocks  and 
their  heterogeneity.  Sampling  dust  along  the  conveyor  sys¬ 
tem  moving  cobbed  waste  would  give  a  good  historic  indi¬ 
cation  of  the  nature  of  dust  from  rock  which  has  been 
mined. 

4)  Republic  Steel  Corporation  at  Port  Henry  (iron,  inac¬ 
tive).  Mineralogy  megascopically  verified  in  gross  aspects. 
Waste  piles  so  huge  and  heterogeneous  that  no  few  speci¬ 
mens  could  be  considered  typical.  Dust  was  taken  from  the 
mill  area  near  the  main  crusher  in  Mineville. 

Present  observations:  No  true  asbestiform  minerals  were 
observed  although  the  extremely  common  hornblende  usu¬ 
ally  fractures  to  a  greater  than  3:1  aspect  ratio. 

Future  sampling:  Sampling  the  waste  piles  in  general  to 
determine  their  potential  asbestos  content  would  be  unre¬ 
alistic  because  of  their  enormous  size,  their  large  particle 
size,  and  their  heterogeneity.  Sampling  at  a  local  section 
from  which  rock  is  dug  to  be  used  for  aggregate  manufac¬ 
ture  can  be  done,  but  what  is  sampled  can  only  be  consid¬ 
ered  typical  of  itself,  i.e.,  results  cannot  be  extrapolated 
beyond  the  sample  itself.  There  appears  to  be  no  statisti¬ 
cally  valid  and  economically  realistic  way  to  sample  for 
asbestiform  minerals  in  the  aggregates.  Sampling  of  dust 
taken  from  areas  where  waste  is  being  moved  could 
produce  a  good  historic  sample. 

5)  Interpace  Corporation  at  Willsboro  (wollastonite).  Major 
mineralogy  verified  megascopically.  Altered  rocks  in  and 
around  dikes  sampled.  Dust  was  taken  from  below  conveyor 
belt  which  removed  waste  to  the  piles  used  for  aggregate. 

Present  observations:  No  fibrous  minerals  were  detected, 
but  both  the  wollastonite  and  the  hornblende  (a  minor 
constituent)  commonly  fracture  to  over  3:1  aspect  ratio.  A 
significant  percent  of  the  rock  used  on  local  roads  in  wol¬ 
lastonite  (perhaps  over  10  percent). 

Future  sampling:  Crushed  rock  used  for  aggregate  is 
mostly  minus  3/8"  and  piled  on  the  hill  above  the  mill 
area.  The  mineralogy  is  simple,  consisting  primarily  of 
garnet,  pyroxene  and  wollastonite.  Determining  the  con¬ 
tent  of  wollastonite  in  the  piles  should  not  be  difficult 
because  of  the  fine  size  of  the  material  and  the  fact  that 


38 


the  wollastonite  is  a  major  constituent.  Sampling  using  a 
loader,  piling  the  material,  splitting  the  pile  using  standard 
procedures  should  produce  a  reasonably  respresentative 
sample.  Any  minor  constituent  might  also  be  statistically 
determined  by  such  sampling.  Wollastonite  deteriorates  in 
a  high  CO2  atmosphere  (such  as  human  lungs?)  according 
to  this  reaction: 

CaSiOa  +  CO2  — »  CaCC>3  +  SiC>2 
In  1976  Interpace  Corporation  requested  the  National  Insti¬ 
tute  of  Occupational  Safety  and  Health  to  conduct  an  epide¬ 
miological  study  of  their  workers.  No  ill  effects  were  found 
due  to  exposure  to  wollastonite. 

6)  Jones  and  Laughlin  Steel  Corporation,  Benson  Mines  at 
Star  Lake  (iron).  Hand  specimens  of  fine  grained  rocks  in  pit 
were  taken  for  thin  section  study.  Dust  was  obtained  at  the 
rock  piles  which  are  used  for  aggregate. 

Present  observations:  No  fibrous  minerals  were  observed. 
Of  the  common  minerals  present,  hornblende  and  to  some 
extent  sillimanite  characteristically  fracture  to  a  greater 
than  3:1  aspect  ratio.  Sillimanite  most  commonly  crystal¬ 
lized  to  a  greater  than  3:1  aspect  ratio. 

Future  sampling:  If  sampling  were  considered  necessary  in 
the  future,  a  determination  of  the  quantity  of  a  suspect 
mineral  in  the  dust  from  aggregates  would  be  very  diffi¬ 
cult.  The  rocks  are  heterogeneous  and  no  attempt  is  made 
by  the  company  to  place  a  constant  product  on  the  piles 
which  are  used  for  aggregate.  The  most  reasonable  tech¬ 
nique  might  be  to  take  samples  from  around  the  pile  with 
a  loader  using  standard  sampling,  piling  and  quartering 
techniques.  The  final  sample  would  have  to  be  large,  pos¬ 
sibly  several  tons. 

7)  Plaza  Materials  Corporation’s  Quarry  at  Suffern  (trap 
rock  or  diabase).  No  samples  were  taken  because  no  suspi¬ 
cious  mineralogy  was  observed. 

Present  observations:  No  asbestiform  or  splintery  minerals 
noted. 

Future  sampling:  In  the  event  that  sampling  is  ever 
needed  in  the  future,  analysis  of  dust  samples  from  the 
plant  area  should  give  an  excellent  historic  average. 
Checking  the  operating  faces  should  easily  indicate  any 
potential  problem  minerals. 

8)  New  York  Trap  Rock’s  Quarry  at  West  Nyaek  (trap  rock 
or  diabase).  Altered  and  veined  trap  rock  was  sampled  for 
thin  section  study.  Dust  was  collected  from  beneath  plant 
conveyor  belts. 

Present  observations:  No  mineralogie  asbestos  was  ob¬ 
served.  Hornblende,  actinolite,  and  probably  the  zeolite(?) 
fracture  commonly  to  a  greater  than  3:1  aspect  ratio. 

Future  sampling:  Sampling  dust  accumulations  in  the  plant 
area  should  produce  a  good  historic  record  of  dust.  Check¬ 
ing  operating  faces  for  suspicious  minerals  followed  by  mi¬ 
croscopic  examinations  (electron  or  petrographic)  shoidd 
produce  a  reasonable  check  of  the  mineralogy. 


9)  Peckham  Industries  Quarry  at  Patterson  (dolomitic  mar¬ 
ble).  “Mountain  leather”  areas  sampled.  Dust  sample  was 
taken  from  below  conveyors  in  plant  area. 

Present  observations:  Asbestiform  tremolite  in  the  form  of 
“mountain  leather’’  occurs  in  several  places  in  the  quarry. 
The  total  volume  is  probably  less  than  one  percent  judging 
by  the  thin  widths  of  the  veins  (probably  averaging  less 
than  1/4")  and  the  small  number  of  such  vein  (perhaps  a 
maximum  of  5  or  6).  The  matted  asbestos  in  the  wet 
process  plant  becomes  soggy  and  plastic  and  dust  release 
from  the  plant  would  seem  to  be  almost  impossible.  The 
extent  to  which  the  asbestos  fibers  may  be  released  from 
any  use  is  not  known.  Release  of  fibers  generally  appears 
to  be  a  minor  problem  because  the  aggregate  is  used  as 
base  coarse  material  in  State  roads,  and,  therefore,  is  not 
exposed  to  wear  once  laid  down. 

Future  sampling:  In  the  event  that  future  sampling  is  un¬ 
dertaken,  face  investigation  could  involve  measuring  the 
total  width  of  tremolite  veinlets  versus  the  width  of  ex¬ 
posed  face.  This  should  give  an  approximation  of  the  vol¬ 
ume  of  the  raw  material.  Dust  sampling  at  the  plant 
should  give  reasonable  samples  for  grain  counting  to  indi¬ 
cate  the  tremolite  content  of  past  dust.  Particle  counting  of 
the  piles  to  determine  what  percentage  of  particles  contain 
rock  wool  could  be  worthwhile.  This  should  involve  at 
least  1000  particles  per  pile. 

10)  Hudson  River  Aggregates  Quarry  at  Haverstraw  (trap 
rock  or  diabase).  Not  investigated  because  permission  to  en¬ 
ter  was  not  granted. 
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ABSTRACT 

Central-place  market  theory,  used  in  conjunction  with  de¬ 
tailed  surficial  geology  maps,  can  provide  an  effective  basis 
for  developing  marketing  strategy  in  the  sand  and  gravel 
business  as  well  as  in  planning  the  sequence  in  which  con¬ 
struction  aggregate  should  be  mined.  The  technique  can  also 
be  used  to  predict  the  geographical  shifts  of  demand  over 
several  years  and  thus  the  sequence  in  which  regions  will  be 
developed.  Now  that  a  detailed  surficial  geology  map  of  the 
region  around  Buffalo,  New  York,  is  available,  it  should  be 
possible  not  only  for  land-use  planners  to  determine  the 
sequence  in  which  available  deposits  will  be  tapped,  but  also 
for  aggregate  producers  to  plan  a  timetable  for  pit-by-pit 
development.  A  sand  and  gravel  developer  who  could  derive 
such  a  schedule  would  have  an  advantage  over  his  competi¬ 
tors  in  knowing  which  lands  to  lease  in  anticipation  of  the 
shifting  demand.  This  advantage  should  help  to  increase 
profits  enough  to  offset  rising  business  costs  and  the  newly 
added  costs  of  mined-land  reclamation. 

INTRODUCTION 

Problem 

The  cost  of  supplying  sand  and  gravel  to  major  population 
centers  is  rising  not  only  because  of  increasing  business  costs 
and  inflation  but  also  because  of  depletion  of  nearby  deposits 
and  the  costs  of  environmental  impact  analysis  of  mining. 
Producers  are  being  forced,  therefore,  to  find  newer  and 
cheaper  ways  of  locating,  developing,  and  cleaning  up  sand 
and  gravel  pits.  With  less  land  available  for  development 
because  of  rapid  urban  and  suburban  sprawl  and  new  plans 
to  assign  preemptive,  single-use  functions  to  large  tracts  of 
land,  they  are  forced  to  anticipate  future  geographic  demand 
patterns  with  longer  lead  time. 

Purpose 

It  is  my  purpose  to  demonstrate  a  technique  that  combines 
the  use  of  central-place  market  theory  and  properly  designed 
surficial  geology  maps  to  help  the  producer  meet  the  chal¬ 
lenge  of  rising  costs  and  restricted  mining  practices.  Also 
discussed  are  the  features  required  of  such  surficial  geology 
maps  to  aid  the  producer  in  his  search  for  new  deposits. 


*  The  reader  should  be  aware  of  the  distinction  between  “reserves 
and  resources.  A  simplified  definition  for  reserve  is:  that  tonnage 
of  available,  useable  material  that  has  been  tested  and  has  met  the 
requirements  criteria  for  its  intended  use.  Resources  are  the  po¬ 
tentially  useable  materials,  whether  available  for  mining  or  not, 
that  have  not  been  tested  and  may  not  meet  required  standards. 


Scope 

The  paper  describes  the  rudiments  of  central-place  market 
theory  and  how  the  concept  can  be  applied  to  the  sand  and 
gravel  business.  Secondly,  surficial  geology  maps  are  dis¬ 
cussed  and  how  they  can  be  designed  to  serve  as  prospecting 
aids  and  be  used  in  the  central-place  market  analysis.  A  new 
and  unique  example  of  such  a  map  of  western  New  York  is 
described  that  features  both  aggregate  quality  and  the  more 
traditional  characteristics  of  age  and  distribution  of  glacial 
drift.  In  addition,  a  hypothetical  example  is  given  to  show 
how  the  process  can  be  applied  to  the  Buffalo,  New  York, 
market.  Finally,  new  costs  derived  from  environmental  pro¬ 
tection  measures  are  discussed  along  with  my  belief  that 
careful  use  of  forecasting  techniques,  once  tested  and  proven 
valid,  can  offset  these  costs  of  mined-land  reclamation. 

Technique 

Central-place  market  theory,  combined  with  an  analysis  -of 
transportation  networks, -resource  maps,  business  trends,  and 
land-use  plans  forms  the  basis  of  the  demand-forecasting 
technique.  Essential  to  the  forecasting  operation  are:  (1)  pre¬ 
dicting  the  locations  of  future  demand  centers,  and  (2)  deter¬ 
mining  the  quality  and  quantity  of  available  aggregate 
resources.*  Information  on  the  former  can  be  obtained  from 
business  projections  and  land-use  plans;  the  latter  informa¬ 
tion  is  derived  from  well-constructed,  surficial  geology  maps. 
By  combining  figures  for  both  demand  and  reserve  distribu¬ 
tion,  a  producer  can  better  schedule  the  sequence  of  land 
development. 

Central-place  market  theory  delineates  the  most  economi¬ 
cal,  spatial  distribution  of  market  locations  in  relation  to 
given  demand  patterns  for  any  commodity  within  a  trade 
area.  It  is,  thus,  the  theory  of  location,  size,  and  nature  of 
trade-activity  clusters.  In  its  original  and  simplest  form,  the 
theory  assumes  that  the  region  in  question  has  uniform  phys¬ 
iographic  and  sociologic  properties  in  all  geographic  direc¬ 
tions  including  landscape,  population  with  its  attendent 
mineral-resource  demands,  and  ease  of  transportation  move¬ 
ment.  The  other  main  assumption  is  that  commodity  move¬ 
ment  within  the  system  requires  the  customer  to  travel  to 
the  marketplace  to  purchase  the  commodity  and  transport  it 
to  a  site  of  consumption.  The  consumer  includes  travel  costs 
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in  the  total  price  of  the  commodity.  Use  of  central-place 
market  theory  to  analyze  the  aggregate  business  requires 
modification  of  this  simple  set  of  assumptions  to  account  for 
i [regularities  in  transportation  routes  and  demand  locations. 
Likewise,  mathematical  equations  of  the  theory  must  be 
reorganized  to  account  for  the  assumption  that  the  commod¬ 
ity  moves  from  a  fixed  source  to  variably  located  demand 
centers  and  empty  trucks  return  to  the  fixed-source  location. 
The  aggregate  business  situation  has  a  fixed  marketplace  site 
(sand  and  gravel  pit)  with  moving  demand  (construction)  sites 
rather  than  the  more  common  central-place  market  circum¬ 
stance  of  fixed  demand  sites  with  a  movable  market  source. 
Geographic  distribution  of  demand  moves  as  construction 
proceeds  from  developed  to  undeveloped  land  parcels.  If  the 
producer  knew  the  pattern  and  rate  of  move  of  demand  sites, 
he  could  predict  future  market  conditions  and  consequently 
have  a  long-term  business  edge  on  his  competitors.  The 
theory  has  been  applied  to  other  markets  and  is  available. 
For  much  of  the  country  future  land-development  patterns 
can  be  or  have  been  predicted.  All  that  remains  to  put  this 
technique  into  practice  is  an  adequate  mineral  resource  map. 

The  first  step  in  regional  mineral  resource  evaluation  is  the 
production  of  a  geologic  map,  that,  because  of  its  special 
design,  might  be  recast  into  a  mineral  resource  map.  For 
sand  and  gravel  the  geologic  map  should  emphasize  surficial 
deposits.  In  the  northeastern  United  States,  surficial  geology 
maps  show  the  areal  distribution  of  unconsolidated  material, 
commonly  composed  of  glacially  derived  deposits  lying  above 
the  indurated  bedrock.  These  maps,  considered  in  this  dis¬ 
cussion,  are  not  the  type  that  depict  the  various  kinds  of 
soils*  that  form  the  upper  meter  or  so  of  most  ground.  To  be 
most  effective,  surficial  geology  maps  should  delineate  un¬ 
consolidated  and  semiconsolidated  deposits  by  symbols  and 
colors  that  describe  the  material  type,  the  age,  and  the 
proposed  origin  of  each  unit.  Yet  most  surficial  geology  maps 
inadequately  describe  the  material  type,  which  is  the  charac¬ 
teristic  of  the  deposit  that  is  most  useful  for  evaluating  aggre¬ 
gate  resources.  For  the  northeastern  United  States  surficial 
geology  maps  tend  to  emphasize  the  history  of  glacial  ice 
advance  and  retreat  during  the  Pleistocene  Age,  rather  than 
the  quality  of  material  in  the  resulting  deposits.  In  contrast, 
a  new,  and  somewhat  innovative,  map  from  New  York  (Mid¬ 
ler,  1977)  not  only  describes  the  material  types  but  also  can 
be  used  to  derive  a  resource,  or  prospecting,  map.  This  new 
approach  for  depicting  surficial  geology  should  aid  mineral 
producers  in  finding  new  deposits  and  also  be  useful  in  the 
application  of  central-place  market  theory. 

Increasing  concern  by  the  public  over  the  environmental 
impact  of  mining  has  started  to  generate  mined-land  reclama¬ 
tion  laws  that  may  eventually  affect  the  possibility  of  produc¬ 
ing  sand  and  gravel  economically.  Although  future  pits  can 
be  designed  and  operated  in  a  manner  that  leaves  the  aban¬ 
doned  land  in  a  reusable  state  and  in  possibly  an  even  more 
valuable  condition  after  the  sand  and  -gravel  is  extracted, 
existing  pits  will  have  to  be  rehabilitated  at  -costs  that  are 
possibly  higher  than  economically  acceptable.  The  extra 
costs,  however,  can  be  predicted,  planned  for,  and  absorbed 


*  The  term  “soils”  is  used  herein  in  the  pedological  sense  to  repre¬ 
sent  the  weathered,  secondary  deposits  in  which  plants  grow  and 
not  in  the  engineering  sense  as  being  all  unconsolidated  material 
lying  above  the  solid  bedrock.  The  term  “surficial  deposits”  is 
used  herein  almost  synonymously  with  the  engineer’s  use  of  the 
term  “soils.” 


over  the  long  term  by  employing  good  planning  of  future 
sites.  Consequently,  the  predictive  quality  of  central-place 
market  theory  offers  a  business  advantage  over  competitors. 
The  most  critical  concern  is  whether  enough  reserves  will  be 
available  at  the  optimum  places  of  production.  If  a  producer 
knows  early  enough  where  those  places  will  be,  he  can  lease 
the  land  before  land  development  encroaches  and  thereby 
raises  property  values. 

A  major  caution  should  be  stated  here  to  anyone  wishing 
to  employ  the  technique  in  its  present  state  of  development 
and  use  it  to  invest  large  amounts  of  capital,  because  the 
theory,  as  applied  to  the  aggregate  business,  has  not  been 
properly  tested.  Before  the  techniques  are  acceptable  for  use 
three  essential  steps  must  be  undertaken  beyond  the  analysis 
presented  here:  (1)  the  qualitative  aspects  of  the  predictive 
nature  must  be  tested  by  revisiting  the  Rochester  area  where 
the  technique  was  devised  (Fakundiny,  1975,  1977)  to  check 
present  market  dynamics  against  those  predicted  in  the  1971 
analysis;  (2)  the  Buffalo  region  should  be  canvassed  and  ana¬ 
lyzed  to  test  whether  the  technique  is  applicable  beyond 
Rochester  to  an  area  for  which  a  resource  map  exists;  and  (3) 
the  analytical  system  should  be  put  into  computer-compati¬ 
ble  form  for  fast  data  analysis.  Only  then  will  the  theory  be 
ready  for  a  business  application. 

CENTRAL-PLACE  MARKET  THEORY 

Central-place  market  theory  was  developed  to  describe 
and  analyze  how  a  commodity's  marketplace  locations  are 
established  within  the  fixed  demand-distribution  of  a  trade 
area  (Hoover,  1948;  Losch,  1954;  lsard,  1956;  Lefeber,  1958; 
Moses,  1958;  von  Boventer,  1964;  Devletoglou,  1965;  Hag- 
gett,  1966;  Christaller,  1966;  King,  1969;  Plattner,  1975).  It  is 
a  technique  for  analyzing  the  vibrations  in  the  market  dy¬ 
namics  of  a  region  using  the  changing  patterns  of  location, 
size,  and  nature  of  trade  activity  clusters  (Berry,  1967).  The 
theory  was  established  to  analyze  the  geographical  adjust¬ 
ment  of  a  marketplace  locality  to  a  constant  demand-struc¬ 
ture  until  the  niost  economical  place  is  found.  From  that 
time  forward  the  marketplace  would  remain  stationary  as 
long  as  demand  conditions  didn  t  change.  At  some  distance 
out  from  the  central  marketplace  transportation  costs  reach 
an  economical  limit.  From  beyond  this  distance  it  is  no 
longer  economical  or  desirable  for  the  customer  to  travel  to 
the  central  marketplace  to  obtain  the  commodity.  This  dis¬ 
tance  is  called  the  zero-demand  distance.  Of  course,  high- 
value  and  rare  commodities  have  longer  zero-demand 
distances  than  common,  low-cost  commodities.  Central-place 
theory  in  its  simple,  original  form  assumes  that  the  landscape 
of  the  trade  area  is  featureless,  and  that  travel  and  transport 
can  take  place  in  any  direction  with  equal  ease.  Also  as¬ 
sumed  are  that:  (1)  population,  and  thus  demand,  is  equally 
distributed  throughout  the  region;  (2)  no  social  or  political 
barriers  interrupt  transportation  and  travel;  (3)  goods  can 
flow  in  any  direction  with  equal  ease;  (4)  the  only  motive  of 
the  business  in  question  is  economic;  (5)  traders  are  freely 
and  equally  competitive;  (6)  the  price  of  the  commodity  is 
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standard;  and  (7)  the  customer’s  travel  costs  for  getting  to 
and  from  the  marketplace  or  the  cost  of  delivery  is  included 
in  the  customer’s  price  of  the  commodity.  In  order  to  carry 
out  the  analysis,  a  canvass  of  the  business  community  is 
required  to  establish  characteristics  of  the  demand,  the  gen¬ 
eral  market  dynamics,  and  the  history  of  market-dynamics 
changes  in  response  to  social,  economic  and  physiographic 
changes  within  the  trade  area.  Once  the  collected  data  are 
compared  with  the  distribution  of  material  types,  the  compu¬ 
tational  process  should  predict  the  optimum  location  of  ag¬ 
gregate  production  sites  and  the  best  time  to  put  them  into 
use  in  response  to  future  demands. 

Sand  and  gravel  have  low-cost,  high-bulk,  transportation- 
sentitive  qualities  that  are  amenable  to  central-place  theory 
analysis.  The  unusual  factor  to  be  considered  is  the  reversal 
in  transportation  flow;  the  commodity  is  transported  from  a 
fixed  source  (pit)  to  changing  demand  sites  (construction 
sites)  rather  than  having  customers  travel  from  fixed  demand 
points  (usually  their  homes)  to  a  moveable  marketplace 
source  (changing  store  location).  Like  other  commodities  any 
change  in  transportation  networks  greatly  affects  the  business 
advantage  of  production  sites.  For  the  aggregate  business  the 
exercise  in  prediction  becomes  a  problem  of  finding  the  best 
sand  and  gravel  pit  site  rather  than  the  most  preferable 
marketplace  address.  Unlike  many  other  commodities  the 
demand  structure  for  aggregate  is  more  closely  adjusted  to 
locations  of  new  construction  than  to  overall  population  dis¬ 
tribution  of  a  trade  area,  because  most  aggregate  is  used  at 
new  construction  sites.  Where  transportation  costs  are  high 
the  location  of  transportation  funnels  and  barriers  greatly 
constrains  the  mapped  form  of  market  domains.  And  because 
the  map  of  market  domains  forms  the  graphical  context  for  all 
succeeding  procedures  their  delineation  becomes  the  first 
step  in  the  process  of  producing  a  predictive  model. 

The  discussion  of  central-place  market  theory  requires  a 
vocabulary  that  describes  the  concepts  of  an  economic  situa¬ 
tion  that  changes  in  response  to  physiographic  and  sociologic 
patterns.  These  definitions  were  proposed  previously  (Fakun- 
diny,  1977)  to  describe  the  market  of  the  Rochester,  New 
York  region  and  are  more  thoroughly  discussed  in  that  paper. 
Market  dynamics  are  the  interrelated  sociological,  political, 
and  economic  forces  that  determine  the  business  character  of 
a  commodity’s  trade  area.  Similar  to  the  definition  of  dy¬ 
namics  in  physics,  it  is  not  necessary,  nor  has  it  been  proven 
possible,  to  define  the  essence  of  these  forces;  it  is  sufficient 
only  to  discover  the  primary  consequences  of  the  interactions 
of  forces  and  their  areal  limits  of  economic  influence.  Market 
area  is  that  area  around  one  or  a  set  of  production  sites  (sand 
and  gravel  pits)  that  also  surrounds  all  customers  using  the 
products  of  those  sites.  Z ones  of  indifference  are  regions 
where  adjacent  market  areas  overlap.  In  these  zones  a  con¬ 
sumer  is  statistically  as  apt  to  buy  from  one  marketplace  as 
from  the  other  with  a  probability  proportional  to  the  distance 
his  consumption  site  lies  from  each  marketplace.  Thus,  he  is 
indifferent  to  those  characteristics  that  separate  market  areas. 
Regions  where  adjacent  market  areas  do  not  overlap  are 
called  zero-demand  zones.  Zones  or  belts  of  transportation 


*  Item:  an  aggregate  commodity  that  meets  standards,  which  in 
New  York  are  set  by  the  Department  of  Transportation.  For  exam¬ 
ple,  100  percent  of  Item  4  gravel  must  pass  through  a  4-inch 
screen,  90-100  percent  must  pass  through  a  3-inch  screen  and  less 
than  16  percent  is  allowed  to  pass  through  a  2-inch  screen. 


ease  are  called  transportation  funnels  and  include:  valleys 
with  parallel  roads  that  allow  choice  of  route  when  road 
conditions  are  severe;  high-speed  roads;  well-maintained 
roads  with  few  traffic-control  points;  and  flat  terrain  where 
gas  mileage  is  not  reduced  by  steep  hills.  Rail  and  barge 
routes  are  other  possible  funnels.  Funnels  are  depicted  as 
arrows  on  funnel  maps  with  the  arrow’s  tail  at  the  site  of 
production  (pit),  the  head  at  the  site  of  consumption  and  the 
width  proportional  to  the  volume  of  the  commodity  tran¬ 
sported  along  that  funnel  during  some  units  time.  Physio¬ 
graphic,  political,  sociological  and  psychological  impediments 
to  transportation  are  termed  transportation  barriers  and  com¬ 
monly  include:  regionally  transecting  highways  with  a  limited  j 
number  of  crossing  points,  such  as  overpasses  that  permit 
access  to  the  other  side;  streams  or  canals  with  sparsely 
distributed  bridges;  areas  of  high  topographic  relief  that  pre¬ 
clude  passable  roads;  swamps,  marshes,  and  wetlands  with 
few  crossing  roads;  lakes;  large  areas  of  restricted  access, 
such  as  military  reserves  and  urban  areas  where  zoning  re¬ 
stricts  the  size  of  through-going  vehicles;  and  preserved 
lands,  such  as  wilderness  areas  and  parks.  A  market  domain 
is  a  territory  bounded  by  barriers  and  zero-demand  zones 
that  is  formed  of  overlapping  market  areas.  Commonly  all 
material  produced  in  a  market  domain  is  consumed  there; 
production  equals  consumption;  but  for  sand  and  gravel,  sup¬ 
ply  is  commonly  less  than  demand.  Where  adjacent  market 
domains  overlap  at  a  gate  the  common  ground  is  called  a 
zone  of  competition.  Zones  of  competition  are  areas  where 
the  different  market  dynamics  of  two  overlapping  market 
domains  interact  and  become  so  complicated  that  simple 
analysis  or  definition  by  the  usual  canvass  of  operators  is 
unlikely.  Zones  of  competition  are  most  prevalent  around 
large  cities,  adjacent  to  major  transportation  funnels,  and 
where  villages  are  transected  by  major  barriers,  such  as 
streams  or  canals. 

The  original  application  of  central-place  market  theory  to 
the  sand  and  gravel  business  was  in  Rochester,  New  York  in 
1971  (Fakundiny,  1977).  This  study  showed  that,  even 
though  an  adequate  resource  map  was  not  available,  future 
conditions  could  be  predicted  with  some  success.  Haul  costs 
in  Rochester  were  similar  to  the  rest  of  New  York,  about  10 
cents  per  mile  per  ton  of  aggregate.  The  average  aggregate 
cost  in  western  New  York  was  $2.00  per  ton  for  unprocessed 
items*  at  the  pit.  Thus,  a  haul  distance  of  20  miles  doubles 
the  F.O.B.  price  and  represents  the  most-prevalent  zero- 
demand  distance  for  common  aggregate  items.  Reserves  for 
the  Rochester  area  were  almost  totally  unknown  or  at  least 
were  not  revealed  in  the  1971  canvass.  Certain  assumptions 
were  used  in  the  Rochester  analysis  that  would  most  likely 
have  to  be  used  also  for  a  study  of  the  Buffalo  area:  (1)  each 
commodity  item  studied  had  an  average  quality  throughout 
the  area;  (2)  each  pit  has  a  set  proportion  of  each  item  and  a 
constant  proportion  of  reserves  to  waste  such  that  past  recov¬ 
ery  of  reserves  per  acre  indicates  future  reserves  per  acre;  (3) 
market  dynamics  will  remain  constant  through  time;  (4)  the 
zero-demand  distance  will  remain  constant;  (5)  the  demand 
picture  will  change  through  time  as  predicted  by  population 
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growth  forecasters;  and  (6)  that  funnel  and  barriers  will  not 
change.  For  details  of  the  Rochester  study  refer  to  Fakun- 
diny  (1975,  1977). 

Several  conclusions  from  the  Rochester  study,  if  valid  on  a 
regional  scale,  suggest  a  need  to  study  the  Buffalo  area  and 
most  probably  the  Syracuse  area  as  well.  The  first  conclusion 
is  that  the  technique  can  be  used  to  test  alternative  land-use 
plans  and  thereby  choose  the  most  effective  result.  Second, 
poor  planning  of  resource  use  can  produce  adverse  market 
conditions  which  in  turn  prohibit  the  successful  completion 
of  the  original  plans.  Also  the  technique  ought  to  be  amen¬ 
able  to  quick  and  consistent  computer  analysis.  The  method 
can  be  used  by  industry  to  forecast  future  business  conditions 
and  by  planners  to  predict  the  eventual  success  of  their 
plans.  It  was  also  shown  that  the  success  of  forecasting  is 
heavily  dependent  upon  the  availability  of  good  aggregate 
resource  maps.  One  interesting  feature  of  the  Rochester 
study  when  compared  to  the  hypothetical  exercise  for  Buf¬ 
falo,  described  below,  is  that  the  market  domain  configura¬ 
tion  presented  below  for  the  eastern  part  of  the  Buffalo 
region  (that  part  that  is  coincident  with  the  western  Roches¬ 
ter  region  in  the  1977  analysis)  appears  to  more  closely  ap¬ 
proximate  the  1990  predicted  condition  for  western 
Rochester  than  the  1971  conditions.  Either  the  Buffalo  region 
is  further  along  in  its  market  dynamics  evolutionary  process 
or  the  actual  conditions  have  changed  more  rapidly  than 
originally  conceived  for  the  Rochester  area.  Regardless,  it  is 
heartening  to  see  that  a  present-day  picture,  even  if  hypo¬ 
thetical,  mirrors  a  prediction  made  several  years  ago. 

SURFICIAL  GEOLOGY  MAPS 

A  surficial  geology  map  can  be  made  to  satisfy  both  the 
data  needs  of  geologists  who  study  Tertiary  and  Quaternary 
deposits  and  the  needs  of  aggregate  producers  and  engineers 
by  coding  it  to  show  not  only  the  age  and  origin  of  the 
deposits  but  also  the  type  and  quality  of  aggregate.  Most 
surficial  geology  maps  of  the  glaciated  terrain  of  the  north¬ 
eastern  United  States  show  such  items  as  the  southernmost 
advances  of  glacial  fronts,  moraines,  proglacial  lakes,  ice  con¬ 
tact  features,  drumlins,  outwash  plains,  and  other 
geomorphie  features.  However,  most  of  these  maps  do  not 
represent  the  internal  constitution  of  the  deposits  by  symbols 
that  describe  material  grade  or  quality.  Maps  constructed  in 
the  traditional  manner  require  the  reader  to  imagine  the 
material  type  and  quality  from  assumptions  about  the  history 
of  formation  of  the  deposit.  The  experienced  glacial  geologist 
can  approximate  the  type  of  material  within  a  deposit  from 
its  landform  and  age.  For  instance,  a  long,  prominent  Wis- 
consinan  beach  ridge  is  probably  made  of  winnowed,  sorted, 
and  relatively  clay-free  sand.  But  most  producers  of  sand  and 
gravel  and  most  land-use  planners  lack  the  expertise  to  make 
these  judgements.  For  these  other  potential  users,  a  properly 
designed  glacial  geology  map  can  be  converted  easily  to  a 
resource  map,  if  it  has  a  good  explanation  and  color  code. 
Any  map,  of  course,  represents  only  the  areal  distribution  of 
major  deposits.  Geologists  familiar  with  glacial  deposits  can 
estimate  their  volumes.  Surficial  geology  maps,  then,  can  be 
converted  to  resource  maps  and  possibly  even  reserve  maps 
where  drill  data  or  other  types  of  information  about  the  third 
dimension  of  the  deposit  are  available. 

Two  types  of  geologic  data  are  needed  on  a  surficial  geol¬ 
ogy  map  before  it  can  be  used  for  central-place  market  the¬ 


ory  analysis:  (1)  the  traditionally  represented  origin  and 
distribution  of  deposits;  and  (2)  the  aggregate  types  and  their 
quality.  Origin  and  distribution  of  surficial  deposits  as  a  map 
feature  needs  no  further  elaboration.  The  reader  is  referred 
to  the  many  excellent  glacial  geology  maps  of  the  northeast¬ 
ern  United  States  such  as  MacClintock  and  Stewart  (1965)  for 
the  St.  Lawrence  River  Valley  of  New  York  and  Ontario, 
Canada.  Aggregate  types  and  quality  are  two  features  rarely 
seen  on  surficial  geology  maps  and  although  MacClintock  and 
Stewart’s  map  identifies  aggregate  types,  aggregate  quality  is 
difficult  to  determine  from  the  format.  An  exceptional  map  in 
this  respect  and,  for  that  reason,  the  topic  of  the  remaining 
part  of  the  paper,  is  the  Quaternary  Geology  of  New  York- 
Niagara  Sheet  by  Muller  (1977).  The  two  categories,  when 
combined,  can  be  used  to  derive  secondary  information  such 
as:  stratigraphy,  depth  to  bedrock,  extraction  problems,  and 
in  some  circumstances  depth  to  water  table. 

Other  types  of  data  that  could  be  included  on  a  surficial 
geology  map  or  attached  as  a  separate  map  and  thus  be 
useful  for  application  to  the  central-place  market  theory  are: 
road  networks  showing  funnels  and  gates;  barriers,  such  as 
waterways,  wetlands,  steep  slopes,  restricted  lands,  and  lim¬ 
ited-access  highways.  Land-use  predictions  are  based  on  pro¬ 
jected  demographic  trends,  such  as  the  forecasts  in  the 
Land-Use  and  Natural  Resource  (LUNR)  Inventory  (New 
York  State  Office  of  Planning  Coordination,  1971)  for  the 
years  1900  and  2000.  These  can  provide  the  future  demand 
picture  required  to  complete  the  analysis. 

QUATERNARY  GEOLOGY  MAP 
OF  WESTERN  NEW  YORK 

The  most  useful  surficial  geology  map  for  analysis  of  sand 
and  gravel  resources  must  be  coded  to  represent  type  and 
quality  of  aggregate  present  in  a  deposit  as  well  as  age  and 
origin.  A  new  map  (Muller,  1977),  entitled  Quaternary  Geol¬ 
ogy  of  New  York— Niagara  Sheet  has  been  published  specifi¬ 
cally  to  represent  both  types  of  data  and,  thus,  is  useful  for 
resource  evaluation  as  well  as  study  of  the  glacial  history  of 
the  region.  The  map  covers  the  same  area  shown  in  Figure 
1.  Muller’s  map  not  only  has  a  two-fold  legend,  but  also 
shows  the  position  of  former  ice  stands,  proglacial  lakes,  and 
locations  where  samples  have  been  taken  that  were  success¬ 
fully  dated  by  the  radiocarbon  method.  The  text  on  the  map 
briefly  discusses  the  glacial  history  of  the  area.  The  legend  is 
a  matrix  that  compares  age  of  deposit  with  origin  and  mate¬ 
rial  type  and  distinguishes  twenty  surficial  units.  Color  <le- 
notes  age,  whereas  symbols  represent  the  combination  of 
age,  origin  and  material  type  of  each  map  unit.  From  this  set 
of  coded  symbols  a  derivative  map,  similar  to  Figure  2,  that 
shows  material  type  can  be  made.  Thus,  the  map  of  Quater¬ 
nary  Geology  of  New  York — Niagara  Sheet  has  built  into  its 
design  information  on  both  aggregate  history  and  types. 

The  Niagara  Sheet  surficial  geology  map  not  only  displays 
the  distribution  of  material  types,  but  also  represents  the 
most  recent  compilation  of  academic  research  into  the  Qua¬ 
ternary  geology  of  western  New  York.  The  map  shows  west¬ 
ern  New  York,  the  Ontario  peninsula  of  Ontario  Province, 
Canada,  and  a  small  part  of  northwestern  Pennsylvania  from 
longitudes  77°45'W  to  80°'W  and  latitudes  41°52'30"N  to 
43°30'N.  The  data  came  from  seventeen  sources,  either 
published  papers  or  unpublished  graduate  student  research, 
and  from  field  reconnaissance  mapping  by  Muller.  The  map 
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and  lying  between  Buffalo  and  Rochester. 


Figure  2  Sand  and  gravel  resources  of  western  New  York  adapted  from  Muller  (1977).  Map 
shows  derivative  data  by  combining  units  of  similar  quality  sand  and  gravel. 


shows  the  distribution  of  Paleozoic  bedrock  outcrops  and  the 
Pleistocene  deposits  of  the  Illinoian,  Wisconsinan,  and  Holo¬ 
cene  stages.  The  deposits  of  the  Wisconsinan  are  divided  into 
the  earlier  Altonian  and  later  Woodfordian  sub-stages.  Also 
included  on  the  map  are:  (1)  a  discussion  of  the  geomorphic 
history  of  western  New  York;  (2)  a  list  of  radiocarbon  dates 
with  discussion;  (3)  published  references  to  radiocarbon  dat¬ 
ing;  (4)  postulated  chronology  of  Wisconsinan  glacial  oscilla¬ 
tions;  (5)  postulated  chronology  of  proglacial  lake  levels  in  the 
Erie  Basin  during  late  Wisconsinan  deglaciation;  and  (6)  a 
map  of  the  moraines  of  western  New  York.  These  uncommon 
map  items  are  accompanied  by  the  usual  geographic  index 
map,  data-source  index  map,  scale,  and  color-coded  explana¬ 
tion  chart.  This  new  map,  then,  has  all  the  elements  to  make 
it  an  important  academic  study  item. 

The  long  and  varied  glacial  history  of  western  New  York 
has  left  a  wealth  of  surficial  deposits  with  all  the  various 
material  types  common  in  glacial  terraines.  Muller’s  postula¬ 
ted  glacial  history  tells  of  numerous  oscillatory  southward 
advances  and  northward  retreats  of  the  glacial  ice-margin 
across  western  New  York  for  possibly  the  last  64,000  years. 
These  ice-front  excursions  were  accompanied  by  proglacial 
lakes  lying  to  the  south  of  the  glacial  margin.  Ice,  lakes,  and 
meltwater  streams  laid  down  a  series  of  sedimentary  deposits 
ranging  from  clay-rich  bouldery  tills  and  laminated  lake-clay 
beds  to  well-sorted  sands  and  gravels  of  outwash  plains  and 
ice-margin  kames  and  eskers.  Thus,  the  gamut  of  glacial 
deposit  types  is  represented  in  the  Quaternary  units  of  west¬ 
ern  New  York. 

The  explanation  to  the  Quaternary  Geology  of  Netv  York — 
Niagara  Sheet  not  only  shows  age  and  glacial  deposit  origin, 
for  instance,  Woodfordian  ground  moraine,  but  also  contains 
a  description  of  material  type.  For  example,  Woodfordian 
ground  moraine  is  described  as  ‘Dominantly  lodgement  Jtill; 
silty  clay  till  and  sandy  till;  sparsely  to  moderately  stony; 
carbonate  and  crystalline  clasts  generally  exceed  20%;  com¬ 
pact  and  generally  very  impermeable.  Deposit  types  listed 
in  the  map  are:  end  moraine,  ground  moraine,  ice-contact 
stratified  drift;  outwash,  terrace,  and  delta  gravel;  beach  sand 
and  gravel  of  ice-dammed  lakes;  lake  silt  and  clay;  alluvial 
sand  and  silt;  alluvial  gravel;  beach  sand  and  gravel;  lake 
sand,  silt,  and  clay;  wind-deposited  sand;  and  peat,  marl  and 
muck.  These  deposit  types  are  distinguished  finely  enough 
that  a  derivative  prospecting  map  can  be  made. 

A  surficial  deposits  map  showing  such  fine  detail  lends 
itself  to  being  recast  into  a  prospecting  map  that  suggests 
locations  of  deposits  with  a  high  probability  of  containing 
good  or  intermediate  quality  material.  Figure  2  is  such  a 
prospecting  map  derived  from  Muller  (1977).  The  derivative 
units  are  good-quality  sand  and  gravel,  good-  to  intermedi¬ 
ate-quality  sand  and  gravel,  and  intermediate-  to  poor-quality 
sand  and  gravel.  The  criteria  for  separating  the  units  into 
these  categories  include  sorting,  shape  and  size  of  clasts, 
stratigraphic  position  that  allows  for  easy  extraction,  and  size 
of  deposit.  The  derivative  unit  that  is  designated  as  good- 
quality  sand  and  gravel  includes:  Illinoian  outwash  and  ter¬ 
race  gravel  (log);  Altonian  outwash,  terrace  and  delta  gravel 
(Aog);  Woodfordian  outwash,  terrace  and  delta  gravel  (Wog); 
Holocene  alluvial  gravel  (Hag);  Holocene  beach  sand  and 
gravel  (His);  Holocene  wind-deposited  sand  (Hws).  The  good- 
to  intermediate-quality  unit  is  made  of:  Woodfordian  beach 
sand  and  gravel  of  ice-dammed  lakes  (Wis);  and  Holocene 
alluvial  sand  and  gravel  (Has).  Intermediate-  to  poor-quality 
sand  and  gravel  is  formed  of:  Illinoian  ice-contact,  stratified 


drift  (Ikg);  Altonian  ice-contact,  stratified  drift  (Akg);  and 
Woodfordian  ice-contact,  stratified  drift  (Wkg).  Taken  to¬ 
gether  on  Figure  2  these  deposits  underlie  probably  less  than 
10  percent  of  the  area.  By  depicting  the  above-listed  surficial 
geology  units  as  three  distinctive  map  divisions  the  map 
shows  where  good  deposits  of  sand  and  gravel  are  most  likely 
to  be  found. 

MARKET  ANALYSIS  MAPS  OF 
WESTERN  NEW  YORK 

A  thorough  market  analysis  of  western  New  York  would 
involve  performing  a  regional  canvass  of  sand  and  gravel 
operators  to  determine  demand  locations,  favored  transporta¬ 
tion  routes,  and  market  characteristics.  Any  operator  wishing 
to  collect  this  information  for  a  regional  analysis  in  order  to 
get  an  advantage  over  his  competition  would  probably  not  be 
able  to  use  the  questionnaire-interview  technique,  because 
his  fellow  operators  may  not  find  his  succcess  necessarily  best 
for  their  own  interests.  But,  regardless  of  how  the  character¬ 
istics  are  determined,  the  next  step  is  to  produce  funnel  and 
barrier  maps.  With  these  two  maps  it  is  possible  to  generate 
a  market-domain  map.  The  final  process  combines  the  pre¬ 
dicted  market  trends  >vith  predicted  demand  locations  and 
thereby,  derives  a  future  market-domain  map.  This  map  pre¬ 
dicts  where  the  pits  must  be  located  to  satisfy  that  future 
demand  picture.  Thus,  if  the  analyst  can  obtain  the  requisite 
data,  a  predictive  picture  emerges.  This  process  was  under¬ 
taken  in  the  Rochester  area  in  1971  (Fakundiny,  1975,  1977) 
where  a  certain  set  of  dynamics  appears  to  operate.  One 
drawback  of  the  Rochester  study  was  the  lack  of  an  adequate 
resource  map.  Now  that  a  good  resource  map  exists  for  the 
region  around  Buffalo,  I  will  apply  the  dynamics  of  the  Roch¬ 
ester  area  to  the  resources  of  the  Buffalo  area  and  produce  a 
series  of  hypothetical  maps  showing  western  New  York’s 
market  dynamics.  The  maps  are  conjectural  because  they  do 
not  contain  information  that  was  actually  derived  from  a 
canvass  of  Buffalo  operators. 

The  most  difficult  part  of  the  process  is  obtaining  the 
market  dynamics  data  and  details  of  available  reserves,  which 
can  then  be  put  into  an  analysis  system.  Many  operators 
already  know  much  of  this  information,  with  the  possible 
exception  of  their  competitor’s  reserves.  To  test  the  tech¬ 
nique  it  probably  will  be  necessary  for  a  disinterested  indi¬ 
vidual  outside  the  business  community  to  undertake  an 
interview  canvass  much  like  the  one  carried  out  in  Rochester 
(Fakundiny,  1975).  From  the  data  about  demand  locations  a 
desire-line  map  can  be  made  which  can  then  be  converted  to 
a  market-area  map.  Haul-route  maps  are  produced  by  tracing 
trucking  routes  on  topographic  maps.  By  factoring  in  the 
amount  of  material  moved  along  each  of  the  travel  routes,  a 
funnel  map  is  produced.  Barriers  and  gates  become  obvious 
on  these  topographic  maps.  From  the  funnel  and  barrier  map 
a  market-domain  map  can  be  made.  Where  funnels  show 
that  market  domains  overlap,  usually  at  gates  or  around  cit¬ 
ies,  the  overlapping  areas,  or  zones  of  unusual  competition 
between  two  market  domains,  can  be  distinguished.  Com¬ 
petition  zones  are  regions  where  market  dynamics  of  either 
or  both  neighboring  domains  no  longer  operate  in  a  simple 
manner.  By  looking  at  hypothetical  examples  from  the  Buf¬ 
falo  area  the  process  may  become  clearer. 

Barriers  to  transportation  are  a  primary  concern  in  the 
analysis  of  market  dynamics  of  any  transportation-sensitive 
commodity.  They  can  be  determined  easily  from  topographic 
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Figure  3  Barriers  to  transportation  in  western  New  York  showing  limited-access  transportation 
routes  that  inhibit  cross  travel;  water  barriers,  such  as  streams,  lakes,  canals,  and 
swamps;  and  restricted  lands  such  as  State  Parks  and  Indian  Reservations. 


maps.  Transportation  barriers  in  western  New  York  are 
shown  in  Figure  3.  Gates  are  routes  across  barriers  that  tend 
to  funnel  transportation.  Their  location,  therefore,  has  great 
influence  upon  transportation  patterns.  Even  though  barriers 
are  easily  detected  on  topographic  maps,  an  analysis  of  traffic 
patterns  and  a  canvass  of  producers  preferences  for  certain 
haul  routes  must  be  reviewed  first  before  the  location  of 
effective  gates  can  be  identified.  Because  this  analysis  has  not 
been  performed  yet  for  the  Buffalo  region,  gates  have  been 
left  off  of  Figure  3.  The  barrier  map  shows  that  the  Great 
Lakes  present  formidable  boundaries  on  the  north  and  west 
and  that  other  substantial  impediments  lie  to  the  east  and 
south.  Even  though  Lakes  Erie  and  Ontario  are  transporta¬ 
tion  easements  for  boat  haulage  of  commodities  such  as  coal 
and  steel  products,  they  limit  the  flow  of  high-bulk,  low-cost 
items  such  as  sand  and  gravel.  Other  lakes  in  the  area  com¬ 
plicate  the  transportation  patterns  also.  Chautauqua  and  Alle- 
geny  Lakes  block  transportation  on  the  southwest  side.  The 
Genesee  River  forms  a  barrier  and  the  eastern  limit  to  most 
of  the  region.  Other  streams  influencing  transportation  pat¬ 
terns  are  Oak  Orchard  Creek  which  flows  into  Lake  Ontario, 
Mud  Creek  which  flows  into  the  New  York  State  Barge 
Canal,  and  Cattaraugus  Creek  which  flows  into  Lake  Erie. 
The  east-west-trending  Oak  Orchard  swamp  along  the  Or- 
leans-Genesee  county  line  and  the  bottom  land  of  a  former 
post-glacial  lake  in  the  Conewango  Valley  along  the 
Chautauqua-Cattaraugus  county  line  form  two  wetlands-type 
transportation  barriers.  Other  areas  with  poor  or  no  routes 
across  wetlands  areas  are  shown  in  Genesee,  Wyoming,  Erie, 
and  Cattaraugus  Counties.  Allegany  State  Park  is  an  example 
of  two  types  of  barriers  acting  together  to  restrict  transporta¬ 
tion;  the  restricted  access  caused  by  steep  slopes  is  aug¬ 
mented  by  the  planned  for  exclusion  of  through-going  truck 
traffic  common  in  parks.  The  two  restricted  areas  shown  in 
Niagara  County  on  Figure  3  are  Indian  Reservations.  All  of 
these  barriers  inhibit  commodity  movement  as  well  as  funnel 
transportation,  and  delimit  market  domains. 

Transportation  funnels  are  more  difficult  to  map  because 
they  are  defined  by  the  preference  of  drivers  to  use  certain 
roads  and,  thus,  their  delineation  must  be  derived  by  obser¬ 
vation  or  inquiry  during  the  canvass.  Funnel  maps  show  both 
movement  pattern  and  the  amount  of  material  moved  along 
each  haul  route.  Figure  4  is  a  hypothetical  funnel  map  for 
western  New  York.  Although  the  road  network  used  to  de¬ 
rive  this  figure  exists,  the  actual  movement  of  material  along 
haul  routes  can  only  be  surmised  before  a  canvass  is  made  of 
operations  in  the  region.  Thus,  this  figure  is  only  instructive 
as  an  example  of  possible  funnels.  No  business  decisions 
should  be  made  on  the  basis  of  this  or  Figure  5.  The  funnel 
map  not  only  shows  material  movement,  but  also  confirms 
the  significance  of  various  barriers  and  gates.  Although  it 
may  appear  that  the  barrier-gate  map  and  the  funnel  map  are 
produced  by  simultaneous  consideration  of  all  physiographic 
features  and  transportation  activity,  in  fact,  the  two  are  pro¬ 
duced  independently.  Barriers  are  established  by  analysis  of 
physiography;  whereas  gates,  haul  routes,  and  amounts  of 
material  moved  are  all  determined  by  canvassing  operators  or 
by  monitoring  truck  movements  in  the  region.  A  delineation 
of  both  barriers  and  gates  must  be  made  to  form  a  market- 
domain  map. 

A  hypothetical  example  of  a  market-domain  map  for  west¬ 
ern  New  York  is  given  in  Figure  5.  It  must  be  cautioned 
emphatically  that  this  map  has  no  relationship  to  actual  mar¬ 
ket  dynamics  in  western  New  York;  it  is  merely  an  educated 


guess  based  upon  familiarity  with  the  area,  topographic  anal¬ 
ysis  of  barriers,  guesses  about  demand  sites,  and  consider¬ 
ation  of  the  distribution  of  sand  and  gravel  production  sites 
and  their  size  of  operation.  The  following  discussion  will 
assume,  for  the  sake  of  exposition  of  the  market-domain  con¬ 
cept,  that  the  map  shown  in  Figure  5  is  an  accurate  repre¬ 
sentation  of  the  present  market  domains  of  western  New 
York.  The  map  shows  nineteen  market  domains  and  thirteen 
competition  zones.  Several  other  characteristics  of  market 
domains  become  evident  also.  Competition  zones  are  con¬ 
fined  to  cities  and  villages  that  lie  along  barriers.  The  two 
largest  competition  zones  encloses  either  Buffalo  or  Roches¬ 
ter.  More  interesting,  perhaps,  is  that  the  market  domains 
adjacent  to  the  Buffalo  competition  zone  are  smaller  than 
their  neighbors  farther  from  the  Buffalo  population  center. 
This  relationship  is  not  as  evident  in  the  Rochester  area 
(Fakundiny,  1977,  p.  234).  Whether  the  market-domain  con¬ 
figuration  around  Buffalo  is  an  accident  of  physiography  and 
market  demand  or,  alternatively,  is  some  sort  of  a  measure  of 
maturity  of  the  sand  and  gravel  industry’s  developmental 
history  is  not  possible  to  determine  without  extensive  field 
study.  Whatever  the  explanation,  the  pattern  around  Buffalo 
and  its  apparent  absence  around  Rochester  should  be  investi¬ 
gated  as  a  possible  market-dynamics  characteristic  that  has 
potential  as  part  of  the  market-domain  predictive  analysis. 

A  forecasting  map  showing  market  domains  of  some  future 
time  can  be  constructed  from  an  analysis  of  those  market 
dynamics  of  the  area  that  prevail  through  time  and  an  anal¬ 
ysis  of  reserves.  I’m  assuming  that  the  dynamics  for  Buffalo 
are  similar  to  those  determined  for  the  Rochester  area  (Fak¬ 
undiny,  1977).  These  would  include  the  following;  (1)  market 
domains  generally  decrease  in  size  through  time;  (2)  funnels 
become  longer  through  time;  (3)  competition  zones  become 
more  aligned  with  transportation  barriers  and  less  aligned 
with  zero-demand  zones;  and  (4)  establishment  of  limited- 
access  highways  having  few  crossover  points  can  produce 
great  changes  in  the  market  pattern.  Some  dynamics  remain 
constant  through  time  in  the  region;  (1)  haul  distances  across 
barriers  are  shorter  than  along  funnels;  (2)  competition  zones 
tend  to  cluster  near  gates  and  around  cities;  (3)  market- 
domain  boundaries  are  extended  by  transportation  funnels; 
and  (4)  depletion  of  pits  alters  funnel  configuration.  Esti¬ 
mates  of  the  rate  of  depletion  and  geographic  shifting  of  sand 
and  gravel  pits  are  the  final  considerations  needed  for  pre¬ 
dicting  future  market  conditions.  A  map  of  changes  in  pre¬ 
dicted  demand  patterns  and  locations  of  resources  and 
reserves  should  indicate  where  future  pits  must  be  located. 
Alternative  maps  can  be  constructed  using  different  hy¬ 
potheses  about  the  future  shifts  in  size  and  location  of  de¬ 
mand  sites.  Long-term  land-use  plans,  proposed  by  local  or 
regional  governmental  planners  or  business  firms,  add 
another  set  of  deterministic  characteristics  to  the  prediction 
process.  With  a  long-range  forecast  of  demand  shifts  the 
operator  can  form  a  leasing  and  site-development  plan  far 
enough  in  advance  to  obtain  a  competitive  edge  over  his 
fellow  producers  or  to  lease  production  sites  before  other 
land-use  practices  are  employed  that  could  preempt  develop¬ 
ment  of  sand  and  gravel  resources. 

COSTS  FOR  ENVIRONMENTAL 
PROTECTION 

New  laws  and  regulations  as  well  as  changes  in  land-use 
practices  have  increased  the  costs  of  opening,  mining,  and 


48 


LAKE  ONTARIO 


Figure  4  Hypothetical  transportation  funnels  in  western  New  York.  Arrows  show  presumed 
aggregate  movement  directions  from  sources  (arrow  tails)  to  consumption  sites  (arrow¬ 
heads).  Width  of  tail  represents  qualitative  estimates  of  relative  volumes  moved. 


Figure  5  Hypothetical  market  domains  of  western  New  York  also  showing  transportation  barriers 
and  competition  zones  shared  by  adjacent  market  domains.  Note  that  around  Buffalo 
market  domains  are  smaller  than  those  farther  away  from  population,  and  thus,  demand 
concentrations.  Names  are  villages  within  each  domain  that  are  used  to  identify  the 


closing  sand  and  gravel  pits  in  New  York.  Public  concern 
about  the  quality  of  the  environment  will  most  likely  con¬ 
tinue  to  grow.  Meanwhile,  the  added  costs  of  alleviating 
environmental  degradation  will  be  borne,  at  least  in  part,  by 
the  producer.  The  Mined  Land  Reclamation  Law,  newly 
instituted  in  New  York,  requires  the  filing  of  a  plan  and  the 
completion  of  systematic  procedures  for  mining  and  repairing 
pits  that  may  add  costs  to  production.  The  predictive  tech¬ 
nique,  described  here,  can  reduce  leasing  and  operating 
costs  that  might  balance  the  environmental  costs.  Thus,  it 
may  not  be  necessary  to  expect  operating  costs  to  rise  above 
a  level  that  precludes  development  of  sand  and  gravel  re¬ 
sources.  Nonetheless,  one  activity  that  can  be  restrictive  and 
potentially  deleterious  to  the  wise  development  of  our  min¬ 
eral-resource  base  is  the  application  of  the  single-use  concept 
of  land-use  allocation. 

The  single-use  concept  of  land-use  regulation  assigns  par¬ 
cels  to  a  specific,  long-term  use  with  a  single  purpose,  such 
as  the  “forever  wild”  land  in  the  Adirondack  Park  of  northern 
New  York,  which  precludes  exploration  for  and  development 
of  mineral  resources.  This  type  of  allocation  closes  off  the 
potential  for  us  to  change  our  collective  minds  later,  even  if 
it  is  determined  in  the  future  that  a  desperately  needed 
resource  is  located  there. 

Designations  of  single  use,  such  as  “forever  wild,  should 
at  least  allow  for  the  opportunity  to  explore  and  delineate 
mineral  resources  and  to  some  extent  determine  reserves  of 
critical  minerals,  so  that  a  truer  evaluation  of  the  costs  and 
benefits  can  be  made  when  setting  tracts  of  land  aside  for 
single  purposes.  And,  of  course,  if  a  mineral  that  is  located 
on  a  single-use  parcel  becomes  desperately  needed,  the  deci¬ 
sion  to  mine  it  should  be  possible  by  reevaluating  the  wis¬ 
dom  of  keeping  the  single-use  designation  for  that  land,  to 
lift  the  mining  restriction.  Mineral  resource  maps  should  be 
made  for  all  land  destined  for  single  uses.  Without  them, 
market  dynamics  analysis  would  be  impossible  in  such  areas. 
Even  if  mining  is  allowed  in  areas  where  recreation  or  scenic 
preservation  has  a  high  priority,  it  is  possible  to  extract 
minerals  without  permanently  marring  the  scenery.  Regula¬ 
tions,  such  as  the  mined-land  reclamation  laws  which  are 
coming  into  force  in  various  parts  of  the  country,  can  help  to 
insure  a  continued  progression  from  mineral  extraction  to  a 
second  use  without  permanent  loss  of  natural  resource  poten¬ 
tial  and  without  loss  of  aesthetic  scenic  qualities. 

Properly  constructed  surficial  geology  maps  allow  the 
enlightened  producer  to  match  shifting  demand  with  the 
variability  of  quality  across  a  market  area.  The  map  should 
show  deposit  size  and  form  and,  thereby,  make  reserve 
calculations  possible.  By  plotting  the  locations  of  reserves 
and  their  quality  and  combining  these  with  a  sequential- 
demand  picture,  the  producer  can  obtain  a  leasing  plan.  The 
plan  would  take  into  account  the  estimated  economic  life  of 
each  site.  The  producer  can  then  use  this  development  plan 
to  establish  the  sequential  use  of  each  site.  In  this  manner  he 
is  able  to  open  one  site  while  mining  a  second,  closing  a 
third,  and  reclaiming  a  fourth  at  the  most  economic  rate  for 
each.  The  most  effective  way  to  follow  such  a  plan  in  a 
region  is  to  have  each  potentially  economic  parcel  available 
for  development  at  the  opportune  time. 

TESTING  THE  TECHNIQUE 

The  technique  discussed  here  and  described  by  Fakundiny 
(1977)  is  a  theoretical  process,  as  yet  untested,  that  can  only 


be  proven  valuable  after  it  has  passed  the  test  of  application. 
Groundwork  for  the  testing  process  exists  in  the  Rochester 
study  (Fakundiny,  1975)  where  the  canvassing  process  was 
undertaken  and  where  market  dynamics  for  the  sand  and 
gravel  industry  were  first  recognized.  Buffalo  has  a  good 
surficial  geology  map  ready  for  use  (Muller,  1977).  The  pro¬ 
cess  could  be  streamlined  if  the  data  were  analyzed  by  com¬ 
puter.  It  should  be  possible  to  develop  a  computer  program 
that  quickly  analyzes  and  compares  the  canvass  data  against 
alternative  long-range  forecast  schemes  and  produces  forecast 
scenarios.  Certainly  western  New  York  would  provide  a  logi¬ 
cal  testing  ground  for  refinement  of  the  technique. 

Now  that  seven  years  have  elapsed  from  the  time  the 
technique  was  first  applied  in  Rochester,  a  revisit  and  new 
canvass  might  confirm  the  general  principles  of  the  system  as 
originally  predicted.  Doubts  remain  about  the  validity  of  the 
first  canvass  in  Rochester  (Fakundiny,  1975)  because  the  can¬ 
vass  was  made  before  the  technique  had  been  thoroughly 
developed.  Because  the  canvass  was  made  for  another  pur¬ 
pose,  it  did  not  ask  all  of  the  necessary  questions.  Now  that 
the  technique  has  been  refined  and  surficial  geology  maps 
are  available  for  Rochester  (Muller,  1977;  Muller,  in  prep.),  a 
return  for  a  second  look  will  confirm  the  validity  of  the 
technique  and  refine  our  understanding  of  the  dynamics 
operating  there.  This  would  then  form  the  basis  for  extend¬ 
ing  the  study  to  the  Buffalo  region. 

CONCLUSIONS 

Central-place  market  theory  has  potential  as  an  analytical 
technique  for  determining  the  long-range,  condition  of  a 
region’s  sand  and  gravel  resources,  given  a  predicted  set  of 
demands,  especially  if  a  detailed  surficial  geology  map  is 
available.  Adequately  designed  surficial  geology  maps  are 
first-order  data  maps  that  should  show  the  distribution  of 
aggregate  material.  Simplifying  the  map  by  combining  units 
with  similar  resource  properties,  regardless  of  age  or  origin, 
produces  a  derivative  map  that  can  be  used  for  prospecting 
and  market  analysis.  Analysis  using  both  central-place  market 
theory  and  surficial  geology  maps  forms  the  basis  of  market- 
domain  maps.  Market  dynamics,  derived  from  the  canvass, 
can  lead  to  a  market  forecast.  By  using  the  forecast  producers 
can  alleviate  the  rising  costs  imposed  by  environmental  con¬ 
trols  by  using  predictions  of  where  demand  will  be  situated 
in  the  future.  The  technique  needs  testing,  however,  before 
it  is  certain  that  the  assumptions  used  to  produce  the  mar¬ 
ket-dynamics  characteristics  are  valid. 

The  technique  described  here  has  the  added  advantage  of 
providing  a  long-term  market  analysis  at  minimal  expense. 
Market  dynamics  are  determined  by  interview  of  business 
firms  while  geographic  constraints  are  easily  assessed  by 
study  of  topographic  maps.  All  of  these  analyses  are  more 
easily  obtained  with  the  cooperation  of  business  firms  and 
with  the  aid  of  a  computer.  The  aggregate  industry  may  gain 
economic  advantage  by  using  the  technique,  but  it  requires 
the  support  of  all  the  firms  in  an  area  to  obtain  a  complete 
set  of  market  data. 

Surficial  geology  maps  portray  the  areal  distribution  of  the 
unconsolidated,  partially  consolidated  and  disaggregated  sur¬ 
face  deposits  and  inorganic  debris  lying  on  top  of  the  bedrock 
of  an  area.  Stratigraphic  character  of  surficial  deposits  can  be 
determined  from  interpretation  of  map  patterns  and  from 
knowledge  of  the  relationship  between  adjacent  surficial  geol¬ 
ogy  formations.  To  some  extent,  the  three-dimensional  form 
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of  each  unit  can  also  be  established  from  such  a  map  by  an 
experienced  geologist,  especially  where  drill  data  and  canvass 
information  are  available.  Once  the  three-dimensional  form  is 
known,  a  reserve  calculation  can  be  made,  if  certain  assump¬ 
tions  about  the  quality  of  the  aggregate  in  the  deposits  are 
valid.  The  reserves  and  their  distribution  can  then  be  fac¬ 
tored  into  the  central-place  market-theory  process.  Thus, 
surficial  geology  maps  are  useful  for  making  the  necessary 
calculations  of  reserve  estimates  needed  in  the  evaluation 
technique. 

Central-place  market  analysis  with  the  resource  map  can 
be  used  to  produce  a  derivative  or  third-order  map  showing 
future  market  potential.  Combination  of  theory  and  geologi¬ 
cal  data  results  in  a  market-domain  map.  From  the  market- 
domain  map  a  forecasting  map  is  produced  by  adding 
information  about  market  dynamics,  land-use  plans,  and  pre¬ 
dictions  of  future  demands.  The  forecasting  map  gives  the 
producer  a  plan  for  scheduling  procedures  of  leasing,  plan¬ 
ning,  mining,  closing  and  repairing  parcels  of  land  in  the 
most  economical  fashion. 

Market-potential  maps  can  be  used  to  lower  the  new  costs 
added  by  conforming  to  environmental  constraints.  One  new 
cost  to  the  producer  results  from  the  requirement  to  restore 
the  pit.  Restoration,  however,  can  add  value  to  the  land,  in 
some  instances  even  adding  value  beyond  that  derived  origi¬ 
nally  from  the  aggregate  taken.  By  knowing  where  future 
demands  will  arise,  a  producer  can  plan  adequately  enough 
to  respond  to  those  demand  shifts  and  can  reduce  the  devel¬ 
opment  and  restoration  costs  by  allowing  a  more  economic 
use  of  equipment.  Knowing  demand-shift  patterns  also  aids 
him  in  mine  planning  and  restoration  scheduling.  Neverthe¬ 
less,  regardless  of  how  logical  the  system  appears,  these  ideas 
are  all  presumptions  that  demand  testing  before  the  tech¬ 
nique  can  be  assessed  as  practical. 

The  market  analysis  technique  described  here  has  not 
been  tried  in  the  marketplace  under  business  conditions.  To 
properly  test  the  system  a  return  to  the  Rochester  region  is 
required  to  evaluate  the  assumptions  formed  from  the  1971 
pilot  study.  The  process  should  then  be  tried  in  the  nearby 
Buffalo  area  to  confirm  the  regional  and  possibly  national 
applicability  of  the  theory.  The  market  situation  can  be  ana¬ 
lyzed  most  efficiently  by  using  computers. 
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ABSTRACT 

Acceptance  procedures  for  aggregates  used  in  bituminous 
and  portland  cement  concrete  pavements  in  New  York  State 
have  favored  the  establishment  of  permanent  plant  locations 
and  are  routinely  reevaluated  every  two  years.  The  geology 
section  of  the  Materials  Bureau  of  the  New  York  State  De¬ 
partment  of  Transportation  has  the  responsibility  for  the 
quality  control  of  these  aggregates.  A  system  using  geologic 
controls  has  been  designed  to  allow  an  aggregate  producer  to 
operate  with  confidence  during  the  construction  season, 
eliminate  and  control  the  use  of  unsuitable  aggregates,  and 
prevent  unnecessary  delays  of  contracts  by  unforeseen  prob¬ 
lems  with  aggregates. 

Basically,  the  system  consists  of  four  parts: 

1.  The  acceptance  of  the  aggregates  using  standard  test  pro¬ 
cedures:  the  Los  Angeles  abrasion  test,  the  magnesium 
sulfate  soundness  test,  and  a  freeze-thaw  test. 

2.  A  geologic  source  report  for  each  aggregate  source  (sand, 
gravel  or  crushed  stone)  which  is  prepared  by  the  pro¬ 
ducer  using  independent  consulting  geologists  located 
throughout  the  state. 

3.  A  visual  examination  of  the  aggregate  samples  used  at 
each  bituminous  and  portland  cement  plant  during  the 
construction  season. 

4.  Field  inspection  of  the  aggregate  sources. 

An  added  bonus  of  the  system  has  been  improved  under¬ 
standing  of  the  aggregate  deposits  of  New  York  State,  allow¬ 
ing  a  rapid  and  more  intelligent  solution  of  any  problems  that 
might  occur. 
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Theme  II  Industrial  Mineral  Mining  in  Complex  Geologic  Regions 


THE  VERMONT  MARBLE  BELT  AND 
THE  ECONOMICS  OF  CURRENT  OPERATIONS 

Lance  P.  Meade 
OMYA,  Inc. 


ABSTRACT 

With  the  possible  exception  of  the  Carrara  districts  of 
Italy,  the  Shelburne  Formation  marble  belt  in  the  Western 
part  of  Vermont  has  yielded  a  greater  volume  of  dimension 
marble  than  any  other  single  area  in  the  world.  Historically, 
seven  producing  areas  have  been  located  within  the  borders 
of  Vermont  in  the  Shelburne  Formation  with  over  fifty  major 
producing  quarries.  Currently,  however,  there  is  only  one 
producing  quarry  in  this  formation — the  Danby  Imperial 
Quarry  located  at  Danby,  Vermont.  The  continued  operation 
of  this  quarry  is  due  in  part  to  the  unique  geological  struc¬ 
ture  and  to  the  practicality  of  maximizing  man-hour  effort 
through  the  use  of  portable  diesel  equipment. 

LOCATION  AND  GEOLOGICAL 
STRUCTURE 

The  marble  in  western  Vermont  is  part  of  a  carbonate 
sequence  that  extends  from  northwestern  Connecticut  to  the 
Canadian  border.  Quarry  operations  started  in  the  mid-1700's 
in  the  Canaan  area  of  Connecticut  and  as  settlers  moved 
northward,  additional  areas  were  developed  at  Lee  and 
Lenox,  Massachusetts.  Marble  quarrying  in  Vermont  has 
been  mainly  in  the  Manchester,  Dorset,  Danby,  Clarendon 
Springs,  West  Rutland,  Brandon,  Pittsford,  and  Middlebury 
areas.  All  of  these  areas  have  produced  dimension  stone 
marble  from  the  Shelburne  Formation  of  early  Ordovician 
age. 

Figure  1  from  Bain,  1938  shows  the  structure  of  the 
Middlebury  synclinorium .  The  marble  beds  are  usually 
gently  to  steeply  dipping  to  the  west  along  the  east  limb  of 
the  synclinorium  in  western  Vermont.  In  the  Manehester- 
Dorset  area,  the  marble  is  relatively  flat-lying.  These  open 
quarries  have  produced  much  of  the  marble  that  has  been 
used  in  the  New  York  City  area.  As  one  follows  the 
Shelburne  Formation  northward,  one  finds  quarry  openings 
located  further  up  the  mountainside  and  extending  into  the 
mountain.  These  quarries  started  as  ledge  quarries  but  pro¬ 
gressed  underground  into  chambers  as  the  overburden  be¬ 
came  too  great  to  remove.  Further  north,  along  strike,  one 
finds  the  fold  structure  on  which  the  Danby  Imperial  Quarry 
is  located.  On  this  part  of  the  east  limb  of  the  synclinorium, 
a  gently  (8°)  plunging  syncline  and  subsequent  anticlinal 
structures  produces  the  familiar  S  folding  with  characteristic 
axial  thickening  of  the  marble  horizons.  It  is  on  this  structure 
that  the  present  Danby  Imperial  Quarry  is  located  and 
largely  because  of  this  structure,  it  is  the  sole  producer  of 
dimension  stone  remaining  today  in  the  Shelburne  Forma¬ 
tion. 

As  one  proceeds  further  north,  one  enters  the  West 
Rutland  Valley  where  the  well-known  West  Rutland  quarries 


are  located.  Here  the  beds  are  vertical  to  steeply  dipping 
eastward  and  occur  in  the  axis  of  a  fold.  The  famous  West 
Rutland  blue  marble  layers  which  were  used  as  paving  stone 
around  the  fountains  in  the  Empire  State  Plaza  at  Albany, 
New  York  are  found  in  the  lower  units  of  the  sequence.  The 
West  Rutland  white  marble  and  Gilson  layers  occur  above. 

The  West  Rutland  white  marble  varieties  are  noted  for 
their  particular  color  patterns  owing  to  chlorite  mica  veining. 
Because  of  their  beauty,  these  varieties  have  been  well 
suited  for  polished  interior  stone.  However,  these  marbles 
have  been  in  direct  competition  with  lower  priced  Italian 
varieties.  Largely  because  of  high  extraction  costs  from  these 
deep  quarries,  operations  were  abandoned  in  the  early 
1970’s. 

The  Pittsford  area  of  Vermont  has  produced  a  great  vol¬ 
ume  of  dimension  stone  marble  from  a  combination  of  both 
open  pit  and  underground  quarries.  Both  the  lower  unit  of 
the  Shelburne  Formation  (Sutherland  Falls  marble)  and  the 
upper  unit  (Columbian  marble)  have  been  thickened  at  two 
different  localities  in  Pittsford.  Both  have  been  extensively 
quarried  in  the  past  and  the  PV#5  quarry  in  the  Hollister 
area  of  Pittsford  extends  to  a  vertical  depth  of  over  300  feet. 
These  so-called  PV  layers  have  been  the  source  of  a  grey 
marble  that  has  been  known  for  its  durability  to  weathering. 
This  durability  is  caused  by  the  interlocking  of  the  crystals 
into  a  tight  fabric  that  allows  for  very  little  absorption  of 
atmospheric  moisture. 

To  the  north,  the  Brandon  area  yielded  grey  marble  prior 
to  1930  from  a  large  number  of  large  open  quarries.  These 
quarries  were  opened  in  relatively  flat  parts  of  Columbian 
marble  layers  that  are  repeated  across  the  valley  by  folding. 
These  quarries  were  abandoned  in  favor  of  the  PV  quarry 
area  as  a  source  of  grey  marble  because  of  the  better  yield 
from  the  PV  layers. 

The  Middlebury  area  is  furthest  north  on  the  Middlebury 
synclinorium  where  dimension  stone  has  been  produced  from 
the  Shelburne  Formation.  Although  this  area  is  known  for 
having  the  earliest  gang-saw  facilities  for  sawing  marble  in 
North  America,  it  has  never  been  a  very  large  producer  of 
dimension  stone  marble.  Today  the  old  dimension  stone 
workings  have  been  largely  engulfed  by  an  open  pit  ground 
products  quarry  which  produces  calcium  carbonate  extender 
and  filler  material  for  the  paint  and  plastics  industries. 

QUARRY  OPERATIONS 

Because  of  the  gentle  plunging  (8°)  synclinal  structure  at 
the  Danby  Imperial  location,  direct  road  access  into  the 
quarry  was  developed  in  1971.  This,  coupled  with  haul  roads 
and  ramps  buift  from  tunnel  and  quarry  waste,  allowed  the 
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Figure  1  Block  diagram  of  central  Vermont  showing  the  extremely  complex  imbricate  structure 
which  has  developed  in  the  thrust  of  the  Green  Mountain  front.  Inset  shows  the 
development  of  an  imbricate  structure  from  a  fold  in  a  thrust  plane.  After  Bain,  1938. 
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use  of  mechanized  heavy  equipment  for  much  of  the  old 
“bull -work”  type  labor.  Direct  loading  of  quarry  blocks  onto 
highway  haul  trucks  by  a  Marathon  Letourneau  40-ton  fork 
truck  eliminated  the  tedious  procedure  of  using  a  single  rail 
car  haulage  system  for  each  quarry’s  block  of  marble. 

Prior  to  1971  the  only  access  to  the  quarry  was  a  40-foot 
vertical  shaft  that  had  a  stiff-leg  derrick  on  the  bank  to  lift 
each  block  individually  to  a  surge  pile  at  the  surface.  Blocks 
were  then  loaded  on  tractor  trailer  units  and  hauled  30  miles 
to  a  surge  pile  at  the  West  Rutland  mills. 

Meanwhile  costs  at  the  West  Rutland  operation  were  be¬ 
coming  excessive  because  of  a  combination  of  steep  dip  (20- 
40°)  of  the  layers,  a  deep  vertical  shaft  (195  feet)  and  the  long 
distance  of  the  working  faces  (400-600  feet)  from  the  shaft 
bottom.  The  costs  in  man-  and  equipment-hours  to  recover 
one  block  of  marble  from  a  West  Rutland  quarry  were  con¬ 
siderably  greater  than  those  needed  to  bring  a  similar  block 
out  of  the  Danby  quarry.  Thus,  in  1973  the  West  Rutland 
operations  were  closed. 

In  1976  the  West  Rutland  gang-saw  facilities  were  closed 
and  new  diamond  gang  saws  were  installed  in  the  Danby 
quarry  area.  This  reduced  handling  of  block  marble  and  re¬ 
duced  production  costs. 

Other  man-hour  savings  have  been  made  in  the  tunnel 
operation  of  the  Danby  Imperial  Quarry.  Primarily,  standard 
mining  methods  of  drilling  and  blasting  are  used  to  drive 
headings  into  the  uneconomic  schistose  marble  layers  (“tun¬ 
nel  stone”).  The  major  difference  from  normal  mining 
methods  is  that  a  2-in.  air  channel  is  drilled  and  broached 
below  the  tunnel  layers  and  above  the  A  layer  of  recover¬ 
able  stone.  This  minimizes  the  likelihood  of  vibration  damage 
to  the  underlying  high  quality  marbles.  A  standard  lump-coal 
pattern  using  DuPont  water-jell  explosives  with  many  milli¬ 
second  delays  is  used  to  shoot  a  round  of  tunnel  rock.  Sav¬ 
ings  have  been  realized  by  reducing  the  stemming,  spreading 
the  drill  pattern,  and  utilizing  a  single  Eimco  LHD  12-B 
loader  unit  to  move  the  muck.  The  slow,  expensive  three- 
man  operation  utilizing  an  electric  loader  and  shuttle  car  has 
been  converted  into  a  one-man  operation  using  the  Eimco 
LHD  12-B.  The  Danby  tunneling  and  handling  methods 
consume  fewer  dollars  and  man-hours  than  those  used  by 
West  Rutland  quarries  in  which  tunnel  blocks  were  removed 
by  completely  drilling  and  broaching  each  block. 

By  reducing  tunnel  costs  it  became  possible  to  increase 
from  a  7-foot  back  to  an  8-foot  back.  This  allowed  short 
screw-fed  Gardner  Denver  air  hammers  (D-93’s)  to  be  substi¬ 


tuted  for  the  old  style  electric-driven  channeling  machines. 
Currently,  three  air  drills  and  three  operators  are  cutting  the 
same  amount  of  stone  that  formerly  required  six  channeling 
machines  and  12  men.  This  has  also  led  to  the  elimination  of 
the  tedious  process  of  channel  steel  repair  and  sharpening 
which  required  the  full  attention  of  two  men  and  a  sharpener 
shop.  The  entire  quarry  operation  has  now  been  able  to 
standardize  to  carborized  tapered  steel  and  tapered  throw¬ 
away  bits. 

All  of  these  improvements,  coupled  with  an  increase  in 
mobility  in  the  working  areas  of  the  quarry  for  maintenance 
functions  and  movement  of  supplies,  as  well  as  the  overall 
cooperation  ol  the  employees  in  helping  management  bring 
about  these  changes,  have  greatly  improved  the  economic 
picture  for  this  particular  dimension  stone  operation.  The 
line  management  in  the  quarry  is  particularly  responsible  for 
helping  to  bring  the  productivity  of  2.5  cubic  ft.  of  marble  in 
1970  to  a  6.0  cubic  ft.  per  man  hour  figure  in  1976. 

FUTURE  DEVELOPMENT 

Although  there  are  other  areas  along  the  Shelburne  For¬ 
mation  that  can  yield  dimension  stone  marble,  the  geological 
structure  at  the  Danby  locality  has  favored  making  continual 
improvements  that  have  enabled  good  cost  control  of  produc¬ 
tion  during  these  times  of  spiraling  inflation.  Even  though 
about  twenty  acres  have  been  excavated  underground,  there 
are  still  reserves  that  have  been  outlined  by  core  drilling 
adjacent  to  the  present  quarry  workings.  Access  tunnels  have 
been  driven  into  the  area  of  these  reserves  to  extract  the 
available  dimension  stone. 

The  world  renowned  Imperial  layers  of  Danby  marble  may 
be  quarried  for  years  to  come  to  supply  both  exterior  and 
interior  marble  for  the  domestic  market.  If  world  economics 
changes  favorably  and  additional  improvements  are  made  by 
the  Marble  Division  of  the  Vermont  Marble  Company,  the 
stone  from  Danby  Mountain  may  be  able  to  compete  more 
favorably  with  the  currently  less-expensive  imported  Italian 
materials  that  are  now  flooding  the  world  marketplace. 
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ABSTRACT 

Previous  work  in  the  Port  Leyden  area.  New  York,  dis¬ 
closed  large  low-grade  resources  of  the  heavy  minerals  il- 
menite  and  zircon  in  glacial-outwash  deltas  on  the  east  side 
of  the  Black  River  Valley.  More  recent  fieldwork  and  com¬ 
parison  of  these  deltas  with  those  of  other  glacial  lakes  shows 
that  the  deposits  are  a  series  of  coalescent  deltas  formed  in 
glacial  Lake  Port  Leyden,  whose  water  level  was  controlled 
by  a  spillway  south  of  Boonville.  Meltwater  streams  that 
drained  from  the  glacial  margin  in  the  eastern  uplands  trans¬ 
ported  the  heavy-mineral-rich  sand,  derived  exclusively  from 
crystalline  rocks  of  the  Adirondacks,  and  deposited  it  in  del¬ 
taic  wedges  as  much  as  80  m  thick.  The  heavy  minerals  are 
concentrated  in  climbing-ripple  cross-laminated  fine  sand  in 
delta  bottomset  beds. 

Older  cobble  gravel  and  sand,  deposited  in  contact  with 
ice  that  dammed  the  Black  River  Valley,  underlies  the  del¬ 
taic  wedges.  Ice-contact  morphology  of  the  older  deposits  is 
exposed  along  the  edges  of  the  younger  deltaic  wedges.  At 
depth,  these  ice-contact  deposits  form  steep-sided  ridges  that 
are  buried  by  deltaic  sand.  The  ice-contact  deposits  contain 
proportionately  fewer  heavy  minerals  than  the  overlying 
sands  because  the  former  contain  more  gravel  and  small 
amounts  of  local  shale  and  carbonate  clasts. 

Because  of  the  sedimentary  sorting  processes  that  operate 
in  a  deltaic  environment,  glacial-lake  deltas  are  potentially 
important  sources  of  heavy  minerals.  They  lack  the  enrich¬ 
ment  by  weathering  of  conventional  heavy-mineral  deposits; 
however,  this  lack  of  weathering  may  be  considered  an  ad¬ 
vantage  because  easily  weathered  minerals  of  economic  im¬ 
portance  may  be  preserved  in  the  delta  sand. 

INTRODUCTION 

This  paper  is  both  a  revision  and  a  summary  of  a  map  of 
part  of  the  Port  Leyden  quadrangle,  west-central  New  York, 
by  Force  and  others  (1976);  the  map  documented  the  pres¬ 
ence  of  heavy-mineral  resources  in  sand  of  late  Pleistocene 
glacial-lake  deltas  on  the  west  side  of  the  Adirondack  Moun¬ 
tains.  Distribution  of  deltaic  deposits  in  part  of  the  Port 
Leyden  quadrangle  is  shown  in  Figure  1.  The  deltas  pres¬ 
ently  form  a  lightly  dissected  terrace,  as  much  as  85  m  high 
above  the  bedrock  surface,  along  the  east  side  of  the  Black 
River  Valley  (Fig.  2).  The  deltas  are  composed  chiefly  of 
moderately  well-sorted  fine  and  medium  sand  that  contains 
an  average  of  3.5  percent  heavy  minerals,  including  the  eco¬ 
nomically  important  minerals  ilmenite  and  zircon.  The  sand 
is  unweathered  and  therefore  contains  heavy  minerals  with¬ 
out  economic  value,  such  as  hornblende.  In  addition,  the 
ilmenite  is  lower  in  TiC>2  than  ilmenite  from  most  of  the 
presently  mined  heavy-mineral  deposits  (Table  1)  that  were 
enriched  in  TiC>2  through  weathering. 

Table  1 — A  comparison  of  the  Port  Leyden  heavy-mineral 
deposit  with  important  operating  heavy-mineral  de¬ 
posits  of  the  Atlantic  Coastal  Plain. 


Port  Leyden  Lakehurst,  N.J.  Trail  Ridge,  Fla. 


resource  (xlO8 

metric  tons  sand) 

20 

5 

6 

maximum  thick- 

ness  (m) 

80 

25 

20 

heavy  minerals 

(approx.  %) 

3.5 

4 

4 

heavy-mineral 

low-Ti 

high-Ti 

high-Ti 

suite 

ilmenite 

ilmenite 

ilmenite 

zircon 

rutile 

rutile 

pyriboles 

zircon 

zircon 

magnetite 

kyanite 

kyanite 

pyrite 

staurolite 

staurolite 

The  Black  River  flows  north  through  Port 

Leyden  quad- 

rangle  and  roughly  follows  the  contact  between  Adirondack 
Precambrian  crystalline  rocks  on  the  east  side  and  lower 
Paleozoic  carbonate  rock  and  shale  on  the  west.  The  crystal¬ 
line  rocks  are  chiefly  granitic  biotite  gneiss  and  granitic 
pyroxene  and  amphibole  gneisses.  Sandy  till  of  late  Wiscon- 
sinan  (Woodfordian)  age  forms  a  thin,  discontinuous  cover 
over  much  of  the  bedrock  surface;  elsewhere,  bedrock  is 
exposed  at  the  surface  and  younger  glacial  units  lie  directly 
on  the  bedrock.  The  delta  deposits  are  as  much  as  80  m 
thick  on  the  west  sides  of  the  deltas  (Figs.  3,  4)  and  form 
eastward-thinning  wedges  of  sand,  which  are  overlain  by 
gravel  to  the  east  (Fig.  3). 

Fairchild  (1912)  used  the  topographic  features  portrayed  on 
the  then  new  15'  topographic  maps  as  the  basis  for  his 
detailed  maps  that  illustrated  the  history  of  glacial  lakes  in 
the  Black  River  Valley.  According  to  Fairchild,  the  Lauren- 
tide  ice  sheet  dammed  a  series  of  pro-glacial  lakes  in  the 
valley  as  it  melted  back  to  the  north.  The  lowest  points  on 
the  drainage-basin  divide  in  front  of  the  ice  margin  acted  as 
spillways  for  the  lakes  and  controlled  their  water  levels.  The 
lakes  became  progressively  lower  and  covered  more  north¬ 
erly  areas  of  the  basin  as  the  ice  margin  retreated  northward 
and  uncovered  successively  lower  spillways.  The  largest  lake 
in  the  Black  River  Valley  was  glacial  Lake  Port  Leyden  that 
spilled  out  through  Lansing  Kill  at  Boonville.  All  but  one  of 
the  mapped  glacial  meltwater  deposits  in  the  Port  Leyden 
quadrangle  were  deposited  in,  or  were  graded  to,  this  lake. 

In  his  study  of  the  unconsolidated  sediments  of  the  entire 
Black  River  area,  Langey  (1952)  found  that  heavy-mineral 
content  of  the  delta  sands  ranges  from  2.1  to  11.6  percent 
and  that  the  average  content  is  3. 5-4. 5  percent. 

Well  logs  that  show  the  thickness  and  stratigraphy  of  the 
lake  deposits  were  published  by  Waller  and  Ayer  (1975).  A 
surface  materials  map,  scale  1:125,000,  that  shows  the  distri¬ 
bution  of  glacial  sand  and  gravel  in  the  entire  Black  River 
basin  was  published  by  Waller  (1976). 

This  paper  is  based  on  the  earlier  work  of  Force  and 
others  (1976)  and  on  a  reconnaissance  study  of  the  Port 
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Figure  i  Distribution  of  deltaic  deposits  in  part  of  the  Port  Leyden  quadrang!< 
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Figure  2  Lightly  dissected  terrace  formed  by  deltas  along  the  east  side  of  the  Black  River  Valley. 
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Leyden  quadrangle  and  surrounding  areas  by  the  present 
authors.  The  purpose  of  this  paper  is  to  reinterpret  the 
stratigraphic  succession  of  the  glacial  deposits  and  to  describe 
more  completely  the  distribution  of  heavy  minerals  in  the 
Port  Leyden  deposit. 

Revised  Stratigraphy  and  Deglaciation 
Chronology 

The  stratigraphy  of  the  surficial  deposits  in  the  mapped 
part  of  the  quadrangle  is  here  revised  in  light  of  new  work 


and  new  thoughts  on  the  local  glacial  chronology,  and  by 
analogy  with  better-documented  glacial  deposits  in  New  En¬ 
gland.  In  New  England,  meltwater  deposits  have  been 
divided  into  different  mappable  units  on  the  basis  of  the 
concept  of  morphologic  sequences  (Jahns,  1953;  Schafer  and 
Hartshorn,  1965;  Koteff  1974). 

Ideally,  each  mapped  deposit,  or  morphologic  sequence, 
contains  a  downstream  progression  of  landforms,  such  as  ice- 
channel  fillings,  kame  terraces,  and  outwash  plains,  formed 
by  glacial  meltwater  in  and  in  front  of  a  stagnant  ice  zone 
marginal  to  the  retreating  ice  sheet.  Sediment  in  each  de- 
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Figure  4  Isopachous  map  of  delta  deposits. 


Figure  5  High-angle  faults  caused  by  melting  and  collapse  of  supporting  ice  walls. 
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posit  was  laid  down  contemporaneously  at  the  ice  margin, 
and  the  upper  fluvial  surface  was  graded  to  a  local  base  level. 
Deposition  was  continuous  in  each  outwash  sequence  until 
the  glacial  margin  melted  back  to  the  north  and  uncovered  a 
new,  lower  drainage  route.  Ice-margin  positions,  shown  by 
the  outwash  sequences,  were  not  climatically  controlled  still- 
stands.  The  positions  resulted  from  local  relations  between 
the  active  ice,  stagnant  ice  margin,  and  the  underlying 
topography  during  continuous  melting  back  of  the  ice  sheet. 

Glacial-lake  deltas  are  common  distal  end  members  of 
morphologic  sequences.  Subaerially  deposited  glaciofluvial 
topset  sediments,  and  the  relative  ages  of  deltas  are  deter¬ 
mined  by  cross-cutting  relationships  and  by  the  geographic 
relationships  of  meltwater  drainage  routes  and  inferred  ice- 
margin  positions. 

Meltwater  deposits  in  the  Port  Leyden  quadrangle  display 
only  a  few  morphologic  features.  Nonetheless,  the  map  units 
of  Figure  1  are  differentiated  morphologically,  composi- 
tionally,  stratigraphically,  and  chronologically  and  are  separa¬ 
ted  for  purposes  of  description  into  two  groups:  underlying 
ice-contact  deposits,  Qi  and  Qpi  1-5;  and  overlying  major 
lake  deltas,  Qpml  and  Qpm.  Glacial  Lake  Port  Leyden  was 
base  level  for  all  but  one  of  the  deposits  (Qi). 

Coarse  ice-contact  deposits  that  locally  overlie  bedrock  and 
till  form  irregular  knobs  and  elongate  ridges  which  mark  six 
successive  ice-margin  retreatal  positions  from  south  to  north 
in  the  middle  part  of  the  quadrangle  (Fig.  1).  These  deposits 
are  discrete  and  are  different  ages  because  each  deposit  con¬ 
tains  a  coarse  head  of  outwash,  and  because  grain  size  does 
not  systematically  become  finer  downstream  between  the  de¬ 
posits.  These  deposits  are  ice-channel  and  ice-hole  deposits, 
laid  down  in  stagnant  ice  zones.  The  deposits  are  composed 
chiefly  of  coarse  gravel,  derived  from  local  crystalline  rocks, 
and  interbedded  sand,  and  contain  less  than  10  percent  lime¬ 
stone  clasts  derived  from  the  west  side  of  the  Black  River 
Valley.  In  a  few  exposures,  the  grain  size  of  these  deposits 
increases  upward;  commonly,  pebble-cobble  gravel  overlies 
interbedded  pebble  gravel  and  sand.  An  exposure  in  Qpi2 
deposits  shows  that  the  underlying  sand  is  present  in  dipping 
delta  foreset  beds,  indicating  that  the  ice-contact  deposit  was 
laid  down  in  deep  standing  water  of  glacial  Lake  Port 
Leyden.  Most  exposures  contain  high-angle  faults  (Fig.  5) 
caused  by  melting  and  collapse  of  supporting  ice  walls. 

The  large  deltas  on  the  east  side  of  the  valley  form  a  wide 
plateau,  the  surface  of  which  rises  from  about  357-369  m 
(1170-1210  feet)  at  the  south  end  of  the  quadrangle  to  about 
369-378  m  1210-1240  feet)  at  the  north  end  (Fig.  1).  Two 
major  deltas  are  recognized,  one  in  the  Miller  Brook  area, 
Qpml,  and  one  in  the  Moose  River  drainage,  Qpm.  The 
deltas  are  differentiated  on  the  basis  of  (1)  the  fan-shapes  of 
the  upper  fluvial  surfaces,  (2)  the  tracing  of  the  fluvial  sedi¬ 
ments  upstream  to  their  heads  to  the  east,  and  (3)  the  up¬ 
stream  coarsening  of  the  fluvial  sediments.  The  source  areas 
for  the  deltas  are  the  upland  areas  to  the  east  where  the 
active  glacier  eroded  crystalline  rocks.  The  head  of  the  Qpm 
delta  is  several  kilometers  up  the  Moose  River  drainage  to 
the  east,  including  its  tributaries,  Copper  Creek  and  Pine 
Creek.  The  sharp  break  in  slope  at  the  west  edges  of  the 
deltas  marks  the  approximate  level  of  the  surface  of  Port 
Leyden  Lake.  This  break  in  slopes  is  at  about  355  m  (1165 
feet)  at  the  south  end  of  the  quadrangle  and  at  about  369  m 
(1210  feet)  at  the  north  end,  indicating  postglacial  tilting  of 
the  basin.  The  two  deltas  were  deposited  by  meltwater  flow¬ 
ing  along  the  two  drainage  routes  which  were  used  succes¬ 


sively  during  the  deglaciation  of  two  eastern  upland  basins. 
The  younger.  Moose  River,  delta,  Qpm,  was  fed  sediment 
from  glacial  meltwater  after  the  ice  front  had  retreated  north 
of  the  Miller  Brook  drainage  divide. 

The  inferred  internal  structure  and  textural  relationships  of 
the  deltas  shown  in  the  generalized  cross  section  (Fig.  3) 
show  that  the  deltas  are  tripartite,  Gilbert-type  deltas;  that 
is,  flat-lying  fluvial  topsets  overlie  dipping  foresets  that  in 
turn  overlie  flat-lying  bottom-set  beds.  The  deltas  are  charac¬ 
terized  by  an  overall  coarsening  upward  and  also  a  coarsen¬ 
ing  of  both  topsets  and  foresets  toward  the  eastern  source 
areas  (Fig.  1).  The  deltas  contain  no  clasts  of  Paleozoic  sedi¬ 
mentary  rocks,  as  the  eroding  ice  in  the  eastern  source  areas 
was  entirely  on  Adirondack  crystalline  rock.  Thus,  as  pro¬ 
grading  deltas  covered  ice-contact  deposits,  heavy-mineral- 
rich  sands  were  deposited  over  coarser  sand  and  gravel 
containing  clasts  of  Paleozoic  carbonate  rocks  and  shale. 

The  stratigraphic  relationship  between  the  older,  locally 
derived  ice-contact  units  and  the  younger  lake  deltas  is 
shown  in  the  cross  section  (Fig.  3).  These  relationships  and 
the  chronology  of  Qpml  and  Qpm  delta  construction  as  re¬ 
lated  to  the  meltwater  drainage  capture  in  the  eastern  up¬ 
land  provide  the  basis  for  the  correlation  of  map  units.  From 
the  correlations,  the  general  trend  and  nature  of  the  retreat¬ 
ing  ice  margin  and  the  detailed  history  of  deglaciation  of  the 
Black  River  Valley  may  be  deduced. 

Ice-margin  retreatal  positions,  based  on  ice-contact  de¬ 
posits  in  the  valley,  indicate  retreat  of  the  ice  front  north¬ 
ward  down  the  valley.  The  trend  of  the  ice-contact  deposits 
and  the  position  of  similar  ice-marginal  deposits  on  the  west 
side  of  the  valley  suggest  that  the  ice  front  extended  south¬ 
erly  into  the  valley  as  a  lobe  during  recession.  When  melting 
of  the  ice  sheet  began  to  uncover  the  southeast  part  of  the 
quadrangle,  the  valley  lobe  still  covered  the  Boonville  area. 
The  oldest  deposits  in  the  map  area,  Qi,  were  laid  down  in 
channels  or  holes  in  the  stagnant  ice  zone  and  were  deposi¬ 
ted  in  a  pre-Port  Leyden  glacial  lake  at  least  as  high  as  387 
m  (1270  feet),  the  present  maximum  elevation  of  the  deposit. 
As  the  valley  ice  lobe  melted  back  into  the  basin,  the  Lans¬ 
ing  Kill  spillway  was  bared,  and  Qpil  ice-contact  deposits 
were  built  into  the  initial  stage  of  Lake  Port  Leyden.  At  the 
same  time,  meltwater  streams  began  to  deposit  coarse  sedi¬ 
ments  in  upper  Miller  Brook  valley  in  the  McKeever  quad¬ 
rangle  on  grade  with  the  eastern  edge  of  Lake  Port  Leyden. 
These  streams  first  built  coarse  foreset  beds  into  the  lake.  As 
the  delta  prograded  westward  into  the  Port  Leyden  quadran¬ 
gle,  the  fluvial  outwash  train  aggraded  and  extended  down¬ 
stream  as  delta  topset  beds.  Sandy  foreset  beds  built  out  into 
the  lake  as  subaqueous  lobes,  and  delta  bottomset  and  lake- 
bottom  beds  covered  the  basin  floor  in  front  of  the  westward- 
advancing  delta  wedge.  During  progradation  of  the  Qpml 
delta,  the  valley  ice  lobe  retreated  to  the  Qpi2  position  (see 
Fig.  1)  where  streams  deposited  coarse  ice-contact  deltaic 
sediments.  Further  retreat  of  the  valley  ice  led  to  the  deposi¬ 
tion  of  Qpi3  deposits  along  an  ice  margin  that  extended  from 
the  present  mouth  of  the  Miller  River  east-northeastward  2 
km  to  the  eastern  edge  of  the  lake  basin.  At  the  end  of  Qpi3 
deposition,  the  final  stage  of  meltwater  deposition  from  the 
Miller  River  drainage  carried  gravel  out  onto  the  Qpml  delta 
plain  as  the  delta  prograded  west  and  northwest  into  the 
basin  and  buried  the  collapsed  Qpi3  deposits. 

The  exposed  Qpi4  deposits  1  km  south  of  Moose  River  and 
elongate  west-southwest-trending  kettle  holes  and  ice-contact 
ridges  2.5  km  to  the  northeast  trace  the  edge  of  the  ice 
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during  the  deposition  of  Qpi4.  Contemporaneous  with  Qpi4 
sedimentation,  the  ice  margin  in  the  eastern  uplands  re¬ 
treated  northward  from  the  upper  Miller  River  so  that 
meltwater  drainage  abandoned  the  Qpml  drainage  route  and 
flowed  directly  down  the  Moose  River  valley.  Initial  coarse- 
sediment  deposition  of  the  Qpm  delta  at  the  east  edge  of  the 
Port  Leyden  basin  was  followed  by  progradation  of  the  delta 
south  of  the  present  Moose  River.  The  delta  built  out  over 
older  Qpi4  ice-contact  sediments  and  over  remaining  stag¬ 
nant  ice  blocks.  Subsequent  melting  of  the  ice  caused  the 
collapse  of  both  the  older  deposits  and  the  coarse  upstream 
beds  of  the  Qpm  delta  and  formed  elongate  kettle  holes 
oriented  parallel  to  the  valley  ice  margin.  The  youngest  ice- 
contact  deposit,  Qpi5,  records  another  ice-retreat  position  in 
the  adjacent  Brantingham  quadrangle  to  the  north.  Contin¬ 
ued  transport  of  sediment  by  the  Moose  River  and  tributaries 
led  to  further  progradation  of  the  Qpm  delta  over  these 
youngest  valley  deposits. 

Lowering  of  the  lake  level  and  eventual  draining  of  the 
valley  caused  by  retreat  of  ice  from  the  lower  Black  River 
Valley  allowed  local  downcutting  and  headward  erosion  of 
the  delta  deposits  by  local  streams  and  terracing  by  major 
streams  that  flowed  from  the  Adirondack  upland.  Stream 
terrace  sediments,  chiefly  pebble  gravel  and  sand,  1-3  m 
thick,  record  this  late  glacial  lowering  of  base  levels  and 
erosional  cycles.  Stream  terrace  sediments  overlie  glacial  lake 
sediments  along  major  stream  valleys,  but  these  deposits  are 
not  shown  on  Figure  1.  Post-Lake  Port  Leyden  windblown 
sand  accumulated  in  the  uplands  along  the  eastern  edge  of 
the  delta  terrace,  on  top  of  the  delta  plain,  and  along  lower 
stream  terrace  and  alluvial  floodplain  surfaces  (unit  Qd  of 
Fig.  1).  Postglacial  isostatic  rebound  of  the  earth’s  crust, 
resulting  from  glacial  melt  and  crustal  unloading,  tilted  the 
Lake  Port  Leyden  basin  and  the  associated  deposits  up  to 
the  north  between  0.8  and  1.0  m/km. 

Heavy-mineral  Concentration  in  the  Delta 
Sands 

The  average  heavy-mineral  content  of  the  delta  sands  is 
about  3.5  percent  by  weight,  as  reported  by  Langey  (1952) 
and  Force  and  others  (1976).  Both  delta-sand  data  sets  indi¬ 
cate  that  heavy-mineral  content  within  the  deltas  is  depen¬ 
dent  on  depositional  environment,  grain  size,  and  vertical 
and  lateral  position  in  the  deposit.  Figure  6  illustrates  the 
data  of  Force  and  others  (1976)  and  shows  the  relationship  of 
heavy-mineral  content  to'  the  first  two  of  these  variables. 

Sample  data  plotted  in  Figure  6  are  from  the  upper  parts 
of  delta  bottomset,  distal  foreset,  and  sand  topset  beds.  The 
points  show  a  cluster  of  bottomset  samples  in  the  medium- 
sand  fraction  that  have  an  average  heavy-mineral  content  of 
3.6  percent.  Because  bottomset  samples  are  chiefly  channel 
samples,  as  much  as  36  meters  sampled  vertically,  the  sam¬ 
ples  represent  the  average  heavy-mineral  content  of  a  large 
part  of  the  bottomset  environment.  The  longest  channel  sam¬ 
ple,  sample  8B,  36  meters,  has  an  average  heavy-mineral 
content  of  4.1  percent.  The  clustering  of  the  bottomset  data 
indicates  the  relatively  good  textural  sorting  of  these  sedi¬ 
ments  which  is  also  observed  in  the  field. 

By  contrast,  data  for  other  depositional  environments  show 
a  greater  range  of  grain  size  and  heavy-mineral  content.  Data 
for  topset  beds  would  show  an  even  greater  range  if  coarse 
gravel  beds  had  been  included.  For  example,  Langey’s  (1952) 
grand  average  of  3.5  percent  heavy  minerals  includes  an 


average  gravel  content  of  13.2  percent.  Where  gravel  content 
in  some  topsets  beds  is  greater  than  50  percent,  the  heavy- 
mineral  content  of  the  entire  bed,  including  interstitial 
coarse  sand,  would  probably  be  less  than  two  percent.  Field 
observations  and  textural  data  shown  in  Figure  6  indicate 
that  topset  and  foreset  beds  are  poorly  sorted,  compared  to 
sandy  bottomsets.  Within  any  vertical  section,  the  strong 
upward-coarsening  trend  is  accompanied  by  an  upward  de¬ 
crease  in  heavy-mineral  content.  Paired  samples  in  Figure  6 
show  that  upper,  coarser  beds  contain  fewer  heavy  minerals 
than  beds  lower  in  the  same  section.  This  same  trend  of 
enrichment  of  heavy  minerals  as  grain  size  decreases  is  ap¬ 
parent  for  all  the  data  in  Figure  6.  The  optimum  concentra¬ 
tion  site  is  in  fine  sand  in  bottomset  and  lower,  distal  foreset 
beds. 

In  addition  to  textural  and  depositional  environment  con¬ 
trol  of  heavy-mineral  content,  primary  sedimentary  struc¬ 
tures  within  bottomset  beds  seem  to  correlate  with  heavy- 
mineral  concentration.  Figure  7  shows  heavy  minerals 
preferentially  concentrated  in  small  type-A  climbing  ripple 
cross-laminae.  Such  correlation  implies  strong  control  of 
heavy-mineral  deposition  by  very  local  hydraulic  regimes  that 
operated  during  deposition  of  the  bottomset  beds.  As  climb¬ 
ing  ripple  cross-laminae  are  one  of  the  most  common  bed- 
forms  in  glacial  deltas  (Jopling  and  Walker,  1968)  we  believe 
that  similar  zones  of  enrichment  underlie  much  of  the  delta 
terrace  in  the  Port  Leyden  quadrangle. 

A  preliminary  exploration  target  for  heavy  minerals  is 
based  on  a  two-part  partitioning  of  the  deposits.  First,  coarse 
parts  of  the  deposits,  especially  proximal  topset  gravel  beds 
and  ice-contact  gravel  and  sand  beds,  are  excluded  as  tar¬ 
gets.  Second,  within  sandy  parts  of  the  deltas,  the  best 
sorted  sediments  are  in  bottomset  and  lower,  distal  foreset 
beds  where  no  gravel  beds  are  present.  The  overall  heavy- 
mineral  content  here  is  about  3.5  percent.  Figure  4  shows  six 
principal  target  areas  where  distal  parts  of  the  deltas  are 
greater  than  40  meters  thick.  Within  these  target  areas,  se¬ 
quences  of  climbing  ripple  cross-laminae  in  which  heavy 
mineral  content  exceeds  4  percent  are  common. 

Resource  Implications 

Our  recent  studies  and  new  ideas  about  the  glacial  stratig¬ 
raphy  lead  us  to  revise  the  mineral-resource  estimates  pre¬ 
sented  earlier  (Force  and  others,  1976)  in  three  ways.  First, 
we  now  believe  that  ice-contact  deposits  form  discontinuous 
ridges  under  the  delta  sands.  The  volume  of  the  ice-contact 
deposits  cannot  be  determined  without  drilling,  but  their 
volume  reduces  the  amount  of  delta  sand  estimated  in  pre¬ 
vious  work.  Probably  less  than  2  x  109  tons  of  delta  sand  is  in 
the  quadrangle.  The  ice-contact  deposits  contain  proportion¬ 
ately  fewer  heavy  minerals  than  the  delta  sands  and  are 
harder  to  process  because  of  the  presence  of  gravel  and 
boulders.  Second,  two  deltas  are  now  recognized.  Because  of 
fninor  differences  of  rocks  in  the  source  areas,  the  mineralogy 
of  the  delta  sands  is  slightly  different,  a  contention  weakly 
supported  by  mineralogic  data  of  Force  and  others  (1976, 
table  2)  and  Langey  (1952).  Third,  heavy  minerals  are  not 
uniformly  distributed  throughout  the  sandy  parts  of  the 
deltas  but  are  concentrated  in  lower,  distal  foreset  beds  and 
bottomset  beds. 

The  lack  of  weathering  means  that  titanium  minerals  con¬ 
tain  more  iron  and  other  impurities  than  titanium  minerals  in 
other  deposits.  Weathering  of  minerals  in  placer  deposits 
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Figure  6  Distribution  of  heavy  minerals. 


PERCENT  HEAVY  MINERALS  BY  WEIGHT,  *3.3  S.  G. 


Figure  7  Concentration  of  heavy  minerals  in  small  type-A  climbing  ripple  cross-laminae. 


now  being  mined  in  old  beach  ridges  cleans  up  the  heavy- 
minerals  suite  and  leaches  iron  out  of  the  ilmenite.  However, 
glacial  sands  have  a  few  advantages  that  compensate  for,  and 
in  part  stem  from,  the  lack  of  weathering.  First,  the  deposits 
potentially  are  large,  probably  larger  than  any  single  beach 
deposit.  We  estimate  that  the  deltas  in  all  of  glacial  Lake 
Port  Leyden  may  contain  6  x  109  tons  of  sand,  and  other 
glacial-lake  deltas  are  present  in  the  upper  Black  River  drain¬ 
age  and  in  the  Adirondacks.  Delta  deposits  are  locally  as 
thick  as  80  m,  a  thickness  virtually  unknown  in  beach  de¬ 


posits.  Second,  glacial-lake  delta  sands  are  dependent  on 
mineral  compositions  of  local  sources.  Such  a  sand  adjacent 
to  a  rutile-,  kyanite-,  and  zircon-bearing  gneiss  contains  those 
minerals,  little  diluted  by  debris  derived  from  distant,  less 
favorable  rocks.  Third,  some  heavy  minerals  susceptible  to 
weathering  have  economic  values.  Glacial-lake  deltas  are  per¬ 
haps  the  most  favorable  site  for  placer  concentration  of  these 
minerals.  We  speculate  that  a  new  type  of  operation  could 
produce  uraninite,  apatite,  and  sphalerite  in  addition  to  more 
commonly  mined  heavy  minerals  and  sand  and  gravel. 
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SUMMARY 


Using  the  morphologic-sequence  concept  of  mapping  surfi- 
cial  deposits  in  glaciated  areas  can  be  an  effective  method  to 
determine  the  manner  and  pattern  of  deglaciation  and  sedi¬ 
ment  deposition.  Furthermore,  once  this  basic  geologic  map¬ 
ping  is  complete,  tracing  source  areas  of  deposits,  analyzing 
units  of  different  ages  and  investigating  single  units  in  detail 
can  all  be  useful  methods  to  prospect  for,  and  possibly  to 
direct  the  mining  of,  heavy  minerals. 
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CEMENT  LIMESTONE  MINING  IN  A  STRUCTURALLY  COMPLEX  SETTING 
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ABSTRACT 

High  quality  limestone,  argillaceous  limestone,  dolomite 
and  shale  are  complexly  interfolded  and  faulted  near  the 
distal  end  of  a  large  nappe  in  the  Lehigh  Valley,  Pennsylva¬ 
nia.  Hercules  Cement  Company  is  mining  the  two  limestone 
units  of  the  Jacksonburg  Formation  for  the  manufacture  of 
Portland  cement.  Within  the  Hercules  Cement  quarry  are 
three  distinct  plates  containing  normal  sequences  of  rock 
separated  by  low-angle  to  horizontal  thrust  faults.  Within 
each  plate  the  units  have  a  somewhat  variable  chemistry  and 
are  folded  with  fold  axes  perpendicular  to  the  strike  of  the 
low-angle  thrusts,  and  cut  by  steep  reverse  faults  that  appear 
to  flatten  into  low-angle  thrusts  at  depth.  This  complex  struc¬ 
ture  controls  the  shape  of  the  quarry,  requiring  careful  plan¬ 
ning  for  present  and  future  access.  In  addition,  structurally 
controlled  zones  of  deep  weathering  cause  chemical  control 
problems. 

INTRODUCTION 

The  Hercules  Cement  Company  quarry,  located  between 
Easton  and  Bethlehem,  is  one  of  the  earlier  quarries  to  be 
established  in  the  Lehigh  Valley  of  Pennsylvania,  the  birth¬ 
place  of  the  United  States’  portland  cement  industry.  It  was 
established  in  about  1907  in  Stockertown.  That  is  near  such 
well-known  locations  as  Nazareth  and  Coplay  where  the  ce¬ 
ment  industry  is  still  very  active  and  developing,  as  wit¬ 
nessed  by  the  modernization  of  the  now  French-owned 
Coplay  cement  plant.  Hercules  was  purchased  some  years 
ago  by  American  Cement  Corporation,  known  as  Amcord, 
and  more  recently  as  Gifford  Hill  Corporation.  The  operation 
produces  only  portland  cement;  the  most  important  being 
Type  I  which  requires  lower  CaCC>3  stone  and  Type  II  which 
requires  higher  CaCC>3  stone.  The  plant  has  been  undergo¬ 
ing  modernization  and  a  modern  preheater  tower  was  com¬ 
pleted  about  two  years  ago.  As  in  all  such  preheaters,  control 
of  the  chemistry  of  the  feed  is  particularly  vital,  a  factor  that 
has  increased  the  quality  control  requirements  for  the 
quarry.  Anticipating  this,  Hercules  funded  a  program  to  ana¬ 
lyze  the  chemistry  of  its  rocks  and  its  quarrying  procedures 
in  great  detail.  As  a  result  of  this  program,  Hercules  now  has 
available  information  both  for  long-term  planning  and  for 
day-to-day  quarrying. 

REGIONAL  GEOLOGY 

The  Hercules  quarry  is  located  in  the  Great  Valley  of  the 
Appalachians,  a  valley  underlain  by  Cambro-Ordovician  lime¬ 
stone,  dolomite  and  shale.  The  quarry  is  located  in  the  upper 
(right  side-up)  limb  of  a  large,  complex  nappe 'that  has  its 
roots  some  twenty  miles  to  the  south.  This  nappe  moved 
northward  into  the  soft  muds  and  shales  of  the  Ordovician 
Martinsburg  formation.  The  folds  are  generally  east-west, 
perpendicular  to  the  movement  of  the  nappe,  and  are  cut  by 
frequent,  deep-seated,  low-angle  thrust  faults  that  may  also 
be  folded. 

The  stratigraphic  column,  overlying  Precambrian  granitic 
rocks,  is  composed  of  the  Cambrian  Hardyston  Quartzite,  the 


Leithsville  and  Allentown  Dolomites  and  the  Ordovician 
Rickenbach  and  Epler  Dolomites,  the  Jacksonburg  Forma¬ 
tion,  the  Martinsburg  Shale,  and  the  Silurian  Shawangunk 
Quartzite  which  forms  the  ridge  of  the  northern  wall  of  the 
Great  Valley.  The  Jacksonburg  Formation  is  separated  from 
the  lower  dolomites  by  the  Knox  unconformity  and  it  grades 
upward  into  the  Martinsburg  Shale.  The  Pennsylvania 
Geological  Survey  (Sherwood,  1964)  most  recently  studied 
the  cement  producing  unit,  the  Jacksonburg,  using  the  stan¬ 
dard  divisions  of  high  CaC03  crystalline  Cement  Limestone 
Member  below  and  the  lower  CaCC>3  shaly  Cement  Rock 
Member  aboye. 

STRATIGRAPHY,  STRUCTURE  AND 
CHEMISTRY  OF  THE  QUARRY 

To  unravel  the  geology,  the  detailed  stratigraphy  first  had 
to  be  worked  out.  The  limestones  of  the  quarry  face  are  dark 
gray  and  appear  nearly  homogeneous.  However,  two  major 
members,  the  Cement  Rock  and  the  Cement  Limestone  may 
be  differentiated  by  geologic  and  chemical  properties.  The 
key  unit  in  cement  production,  the  Cement  Limestone,  is 
further  divided  into  five  units,  each  of  which  range  from  18 
to  60  feet  thick.  Although  the  rock  varies  chemically  both 
horizontally  and  vertically,  the  units  can  be  sufficiently  dif¬ 
ferentiated  to  help  define  the  structures.  The  most  important 
marker  horizons  are  a  series  of  bentonite  beds,  the  most 
important  being  a  3  to  6  inch  bed  with  white  to  silver-gray 
quartz  located  about  18  feet  below  the  contact  of  the  Cement 
Limestone  and  Cement  Rock,  and  separating  subunits  4  and 
5.  The  Cement  Rock  is  a  uniform  sequence  of  shaly  lime¬ 
stone,  no  doubt  cut  by  numerous  faults,  and  no  attempt  was 
made  to  subdivide  this  unit.  The  Jacksonburg  limestone 
overlies  the  Epler  Dolomite,  which  is  easily  distinguished 
from  the  limestone  and  obviously  is  avoided  in  the  mining 
process.  The  overburden  consists  of  a  30  to  70  foot  thick  till¬ 
like  deposit  and  waste  piles  that  have  accumulated  from  70 
years  of  operating.  Figure  1  shows  the  relationship  of  these 
rock  units. 

Structurally,  the  rocks  exposed  in  the  quarry  consist  of 
three  distinct  northeast-dipping  plates  that  are  separated  by 
major  thrusts  (Figure  2).  Each  plate  has  its  own  type  of 
structure.  The  lowest  plate,  forming  the  western  quarry,  has 
a  thin  layer  of  Epler  Dolomite  overlying  a  still  lower  plate 
lying  beneath  the  quarry,  and  underlies  a  normal  sequence 
of  Cement  Limestone  and  Cement  Rock  (Figure  3).  The  beds 
of  this  lower  plate  form  a  broad  syncline,  tighter  to  the  west 
and  gradually  opening  to  the  east  until  the  beds  form  a 
northeast  dipping  monocline.  The  northern  boundary  of  the 
fold  is  a  high-angle  reverse  fault  that  flattens  at  depth  to  the 
south,  becoming  a  thrust  fault  bounding  the  plate. 

The  middle  plate  is  a  thin  sequence  of  slices  of  dolomite. 
Cement  Limestone  and  Cement  Rock  caught  up  in  a  series 
of  low-angle,  folded  thrusts.  Dolomite  has  been  caught  up  in 
the  drag  fold  and  carried  northward  between  the  faults  caus¬ 
ing  a  constriction  of  unusable  rock  in  the  quarry  known  as 
the  “throat”  not  shown  on  map  or  sections. 
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Note! 
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Figure  1  Relationship  of  rock  units  within  the  Hercules  Cement  Company  quarry. 
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Figure  2  Cross  section  Y-X  of  quarry  showing  three  major  thrusts. 
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Figure  4  Cross  section  L-L'. 


The  upper  plate  contains  a  normal  stratigraphic  sequence 
that  includes  rock  from  the  middle  of  the  Cement  Limestone 
up  into  the  overlying  Cement  Rock  (Figure  4).  These  units 
are  folded  into  a  asymmetrical,  tight  syncline  on  the  south. 
This  tight  folding  has  caused  severe  fracturing  of  the  rock  in 
the  core  of  the  fold  and  allowed  deep  weathering,  leading  to 
subsequent  rock  quality  problems. 

The  shaly  Cement  Rock  generally  has  slaty  cleavage,  usu¬ 
ally  parallel  to  bedding,  and  is  a  dominant  surface  of  split¬ 
ting.  The  more  crystalline  Cement  Limestone  locally 
develops  strong  cleavage  and  in  some  places  is  severely  de¬ 
formed  by  flow  folding.  Between  the  thrusts  of  the  middle 
plate,  at  the  northern  end  of  the  dolomite  tongue,  blocks  of 
dolomite  have  been  broken  off  and  dragged  forming  large 
“boudins”  up  to  75  feet  across. 

As  part  of  the  study  to  enable  quality  control  of  the 
quarry,  the  chemistry  of  the  stratigraphic  units  was  deter¬ 
mined.  Stratigraphieally  controlled  split  NX  core  samples, 
representing  about  10-foot  intervals,  were  crushed,  split  and 
ground  to  a  fine  powder  to  provide  representative  samples. 
These  powdered  samples  were  then  submitted  to  Hercules 
for  X-ray  analyses.  Like  the  variable  rock  units  themselves, 
the  chemical  makeup  of  the  units  varied  considerably,  even 
within  tightly  defined  stratigraphic  intervals.  However, 
weighted-average  chemical  analyses  were  calculated,  and 
these  have  proven  to  be  valuable  in  predicting  the  chemistry 
of  production  shots. 

MINING  PLANNING  AND  CONTROL 

Using  the  redefined  stratigraphy,  the  entire  quarry  area 
was  mapped  on  a  1  inch  to  100  foot  scale.  New  drill  hole 
data  and  interpretations  of  older  chemical  analyses  of  cores 
were  used  to  draw  numerous  cross  sections.  For  the  first 
time,  the  geology  of  the  quarry  was  defined  on  a  sound 
geologic  basis. 


It  was  realized  by  Hercules  personnel  that  such  a  mapping 
project  could  end  up  on  a  shelf  and  soon  be  forgotten. 
Therefore,  a  program  of  education  about  the  maps  and  report 
was  initiated.  By  working  with  management,  quarry  produc¬ 
tion  personnel  and  the  laboratory  staff,  everyone  began  to 
appreciate  and  understand  the  newly  developed  geologic  in- 
fortnation.  To  keep  the  information  current,  the  quarry  is 
surveyed  and  the  geology  updated  on  a  regular  basis.  The 
maps  and  sections  are  kept  in  a  closet  in  the  meeting  room 
where  they  can  be  consulted  during  production  and  planning 
meetings. 

Using  the  sections  and  maps,  long-range  mining  plans  are 
being  developed  to  meet  anticipated  demands  for  Hercules 
products.  The  geologic  maps  and  sections  are  used  in  plan¬ 
ning  bench  layouts,  location  of  ramps,  bench  elevations, 
drainage  and  overburden  stripping  prc^rams. 

Part  of  the  decision  process  involves  the  determination  of 
reserve  tonnages.  For  virtually  all  portions  of  the  property 
that  have  been  mapped,  benches  were  drawn,  and  the  loca¬ 
tions  of  Cement  Limestone,  Cement  Rock,  and  in  some  areas 
waste  rock  were  determined.  The  practical  limits  of  mining 
benches  were  outlined  and  tonnage  calculations  made. 

Quarry  development  has  been  based  on  this  new  geologic 
data  for  over  two  years.  The  geology  has  been  found  to  be 
both  accurate  and  useful.  Confidence  in  the  geologic  work  is 
encouraging  more  long-range  planning  in  the  areas  of  mar¬ 
keting,  the  possible  need  for  additives  in  the  future,  and  the 
direction  of  future  quarrying. 
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ABSTRACT 

Shale  has  long  been  regarded  as  material  not  suited  for 
construction,  especially  as  rock  till  or  embankment  material. 
However,  in  some  areas,  shale  is  the  only  available  material. 
This  study  was  undertaken  to  develop  test  methods  and  then 
evaluate  the  various  shale  formations  of  Ontario  as  to  their 
suitability  for  the  above  purpose. 

The  tests  conducted  were:  Franklin’s  slake  test,  modified 
rate  of  slaking  test,  wet-dry  deterioration,  water  adsorption  at 
45  percent  and  95  percent  relative  humidity  (25°C),  and  a 
freeze-thaw  test.  The  test  results  were  statistically  correlated, 
and  limits  of  acceptability  for  each  test  were  developed. 

Wet-dry  slaking  and  Franklin’s  slake  durability  tests  were 
found  to  be  most  efficient  and  definitive  in  determining 
shale’s  slaking  potential  when  in  contact  with  water.  Freeze- 
thaw  testing  is  recommended  to  test  shale’s  response  to  frost 
action  where  the  shale  is  to  be  used  within  the  frost  zone. 
The  shales  can  be  classified  into  rock-like,  low,  intermediate, 
and  high-loss  categories  on  the  basis  of  the  above  tests.  The 
rock-like  and  low-loss  shales  require  only  minor  crushing  and 
compaction  and  can  be  treated  for  all  purposes  as  rock.  The 
intermediate  and  high-loss  shales  must  be  crushed  and  highly 
compacted  in  the  presence  of  water. 

To  properly  classify  a  shale,  testing  must  be  done  on  a 
representative  fresh  sample,  preferably  from  a  drill  core. 


INTRODUCTION 

Until  recently,  the  use  of  shales  has  largely  been  restricted 
to  the  manufacture  of  brick,  tile,  and  cement.  Its  use  as  a 
natural  building  material  was  seldom  considered;  in  fact,  it  is 
still  shunned!  Some  areas  such  as  large  sections  of  Ontario 
are  devoid  of,  or  running  short  of,  better  grade  stone  for 
embankment  and  backfill  use.  However,  these  areas  are  un¬ 
derlain  by  extensive  shale  layers.  Hence,  if  shale  could  be 
used,  it  would  be  the  most  available  economic  material. 

The  low  enthusiasm  for  shale  as  building  material  stems 
from  its  tendency  to  deteriorate  rapidly  when  in  contact  with 
water  or  when  alternately  wet  and  dry.  However,  if  the 
degree  of  deterioration  can  be  predicted,  placement  tech¬ 
niques  can  be  adopted  that  will  minimize  the  chance  of 
failure  of  the  structure. 

This  report  briefly  describes  some  tests  that  were  devel¬ 
oped  and  the  results  of  the  testing  on  representative  shale 
units  found  in  Ontario.  The  research  was  supported  by  the 
Ontario  Ministry  of  Transportation  and  Communication. 


CAUSES  OF  UNSOUNDNESS  IN  SHALE 

Shale  and  water  interaction,  with  or  without  attendant 
freezing,  can  be  considered  as  the  main  cause  of  shale  deteri¬ 
oration.  The  actual  processes  involved  in  the  breakdown  are 
still  not  totally  understood;  however,  it  is  known  that  shale/ 
water  interaction  causes  expansion  of  the  shale.  This  expan¬ 
sion  may  be  due  to  a  number  of  factors: 

(1)  “Structuring”  of  water  on  clay  surfaces.  Shales  have  a 
high  internal  surface  area,  which  is  measured  in  terms  of 
square  meters  per  gram.  Water  molecules  adsorbed  by 
these  surfaces  tend  to  completely  fill  the  internal  pores. 
It  is  considered  by  some  that  the  adsorbed  water  may 
become  structured  under  the  influence  of  the  surface  and 
increase  in  specific  volume  (Dunn  and  Hudec,  1973). 
Volume  expansion  of  water  in  turn  causes  volume  expan¬ 
sion  of  the  rock. 

(2)  Expansion  may  be  due  to  osmotic  pressures  generated 
within  the  rock.  Pore  size  of  shale  is  extremely  small,  less 
than  1  fim  in  diameter.  Water  in  such  pores  has  a  lower 
vapor  pressure  over  it  (Kelvin’s  equation)  than  does  bulk 
water.  Water,  therefore,  is  impelled  to  enter  the  rock  to 
a  degree  greater  than  the  available  space,  thus  causing 
expansion. 

(3)  Shales  containing  expansion  caused  by  expansive  clays, 
such  as  montmorillonite  which  may  readily  take  on  inter¬ 
layer  water,  expand  and  deteriorate  readily  on  wetting. 
Shales  of  this  type  occur  primarily  in  areas  of  relatively 
young  rocks  and  were  not  investigated,  because  they  are 
not  known  to  occur  in  Ontario. 

There  may  be  other  concepts  that  explain  why  shale  ex¬ 
pands  on  wetting.  However,  it  is  not  the  purpose  of  this 
report  to  discuss  the  theoretical  details  of  water/elay  interac¬ 
tions. 

For  whatever  reasons,  it  is  evident  that  cyclic  wetting  and 
drying  of  shale  will  result  in  cyclic  application  of  tensional 
stress  between  pore  walls  and  between  clay  particles  and  will 
usually  result  in  deterioration.  In  addition,  the  clay  particles 
in  shales  may  often  be  simply  pressed  together  and  dewa¬ 
tered  through  the  weight  of  the  overlying  rock  column.  The 
removal  of  confining  pressure  and  immersion  of  such  shales 
in  water  may  result  in  complete  disintegration  of  the  shale 
particles  to  mud. 

The  presence  of  cement  such  as  CaCC>3  or  SiC>2  tends  to 
prevent  the  particle  dispersal  upon  unloading.  However,  in 
some  shales  the  tensional  stress  of  the  water/clay  interaction 
is  great  enough  to  overcome  the  tensional  strength  of  the 
cement,  and  the  shales  may  split  along  some  planes  of  weak¬ 
ness. 
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Shale,  when  metamorphosed  to  slate,  is  greatly  indurated 
and  recemented  and  is  generally  not  prone  to  disintegration, 
although  it  may  have  excessive  cleaving. 

NATURE  OF  TESTS 

The  purpose  of  tests  that  were  designed  to  study  the 
durability  of  shale  were:  (1)  determine  the  causes  of  shale 
deterioration;  (2)  classify  shales  according  to  their  durability 
by  use  of  established  tests  and  by  tests  to  be  developed 
during  the  research.  Any  tests  that  accurately  measures  the 
disintegration  of  shale  due  to  cyclic  wetting  and  drying  or  a 
test  that  measures  the  amount  of  tightly  held  surface  and 
capillary  water  will  be  an  indicator  of  the  shale’s  durability. 
The  tests*  chosen  for  this  research  were  designed  to  measure 
these  properties.  They  include:  (1)  Franklin  Slake  Test;  (2) 
Wet/Dry  Deterioration;  (3)  Rate  of  Slaking  Test;  (4)  Adsorp¬ 
tion  at  45  and  95  Percent  Relative  Humidity. 

In  addition,  the  following  tests  were  used  to  test  the  shales 
induration,  compaction  and  cementation:  (1)  Abrasion;  (2) 
Relative  Density. 

Because  shale  in  surface  use  is  also  subjected  to  frost 
action,  the  deterioration  under  such  conditions  was  deter¬ 
mined  by  a  Freeze/Thaw  Test. 

The  Franklin  Slake  Test 

The  slaking  durability  test  was  first  described  by  Chandra 
(1970)  and  Franklin  and  Chandra  (1972)  and  was  adopted  by 
the  Commission  of  Standardization  of  Laboratory  and  Field 
Tests  of  the  International  Society  for  Rock  Mechanics.  This 
test,  with  slight  modifications,  was  used  in  this  study. 

The  test  employs  a  steel  mesh  drum  with  2  mm  diameter 
openings.  The  sample  is  placed  in  the  drum  and  the  drum  is 
rotated  while  submerged  in  water  for  10  minutes  and  200 
revolutions.  The  slaking  products  fall  through  the  mesh  and 
the  remainder  is  removed,  dried,  and  weighed  to  determine 
the  lost  mass.  Five  cycles  of  submersion  and  rotation  are 
performed. 

Wet-Dry  Deterioration  Test 

Wetting  and  drying  is  the  most  commonly  observed  cause 
of  deterioration  of  shales.  Clay  shrinks  upon  drying  and  ex¬ 
pands  upon  wetting,  and  because  shale  consists  mainly  of 
consolidated  clay,  it  experiences  a  similar  volume  change 
upon  wetting  and  drying.  Considerable  pressures  can  de¬ 
velop  within  a  confined  sample  of  shale  upon  wetting.  The 
expansion  pressures  act  against  the  tensile  strength  of  cement 
that  binds  the  shale  particles  together  and,  if  they  exceed 
this  tensile  strength,  the  bond  is  broken  and  the  shale  parti¬ 
cles  become  separated.  This  is  the  well-known  phenomenon 
called  slaking. 

Perhaps  the  simplest  test  of  shale  stability  under  alternat¬ 
ing  conditions  of  drying  and  wetting  is  to  simply  alternately 
dry  and  wet  the  shale  and  measure  the  production  of  fines  or 
the  size  loss.  Two  alternative  methods  of  testing  were  consid¬ 
ered:  (1)  start  with  a  sample  shaped  to  a  standard  dimension 
and  measure  the  size  loss  on  wetting  and  drying;  or  (2)  start 
with  a  crushed  and  sized  sample  and  measure  the  loss  on 


*  Details  of  testing  techniques  are  omitted  from  this  paper.  For  data 
about  procedures  see  Hudec  (1978). 


back  screening  after  a  number  of  cycles  of  wetting  and  dry¬ 
ing.  This  latter  approach  was  used  because  it  is  considered 
more  practical  since:  (1)  the  sample  is  more  uniform  and 
representative;  (2)  the  sample  preparation  is  relatively  sim¬ 
ple;  (3)  results  are  quantitative  and  (4)  the  procedure  and 
equipment  used  are  simple. 

The  crushed  sample  was  slaked  (saturated)  lor  24  hours, 
then  hand-sieved  gently  while  submerged.  The  portion  re¬ 
tained  on  the  sieve  was  dried  at  65°C  and  weighed  to  deter¬ 
mine  mass  loss.  Five  such  cycles  were  performed. 

Rate  of  Slaking 

The  Rate  of  Slaking  Test,*  first  developed  by  Morgenstern 
and  Eigenbrod  (1974),  was  modified  in  that  oidy  the  first  part 
of  the  test  was  done,  i.e.,  the  sample  was  saturated  while  in 
filter  paper.  The  second  part  of  the  teyst,  as  described  by 
Morgenstern  and  Eigenbrod,  consists  of  determining  the  At- 
terberg  limits  on  the  slaked  portion  of  the  sample  or  on 
crushed  and  sieved  shale  where  the  sample  slakes  insuffi¬ 
ciently.  Neither  of  these  procedures  is  considered  acceptable 
because:  (1)  the  slaked  portion  of  the  sample  represents  the 
least  durable  pieces  and  distorts  the  results;  and  (2)  crushing 
the  sample  negated  the  effect  of  cement  and,  thus,  also  gives 
prejudiced  results. 

The  first  part  of  the  test  is  acceptable,  because  it  measures 
water  absorption,  a  property  of  rocks  that  is  recognized  to 
have  significant  effect  on  their  durability.  Details  of  the  test 
procedure  are  in  Hudec  (1978).  Losses  are  determined  by 
weighing  after  each  cycle. 

Water  Adsorption  at  45  Percent  and 
95  Percent  Relative  Humidity 

Water  adsorbed  on  the  internal  mineral  surfaces  has  been 
found  to  be  related  to  the  response  of  rocks  to  the  natural 
forces  of  weathering.  The  amount  of  water  adsorbed  at  low 
humidity  (45  percent,  25°C)  is  thought  to  cover  the  internal 
surfaces  with  a  monomoleeular  layer  of  water  and  is  thus 
indicative  of  the  internal  surface  area.  Water  adsorbed  at  95 
percent  relative  humidity  (R.H.)  fills  the  minute  capillaries  of 
sizes  less  than  1  in  diameter.  The  large  number  of  such 
capillaries  present  in  the  rock  has  been  linked  to  rock  deteri¬ 
oration.  Thus,  adsorption  of  water  into  the  rock  gives  an 
indication  of  internal  surface  area,  pore  size,  and  the  pore- 
size  distribution,  all  of  which  appear  to  have  a  bearing  on  a 
rock’s  susceptibility  to  deterioration  under  weathering  condi¬ 
tions. 

The  purpose  of  the  adsorption  tests  was  to  determine  the 
relationship  of  water  adsorption  to  other  tests.  If  a  good 
relationship  can  be  found,  then  adsorption  measurements  are 
perhaps  the  easiest,  quickest,  and  simplest  of  all  tests  to 
perform. 

The  dried,  weighed  sample  was  placed  in  a  humidity  cabi¬ 
net  over  saturated  salt  solutions  of  K2C03»2H20  and 
Na2SC>3»7H20  for  45  percent  and  95  percent  relative  humid¬ 
ity  respectively.  After  72  hours  the  water  adsorbed  was  de¬ 
termined  by  weighing. 


*  The  term  “rate  of  slaking”  is  misleading  whether  in  the  original 
test  or  in  the  present  modified  test,  since  only  progressive  adsorp¬ 
tion  of  water  with  time  and  with  number  of  slaking  cycles  is 
involved.  The  amount  of  slaking  that  does  take  place  is  incidental 
to  the  test. 
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Freeze/Thaw  Test 


The  Freeze/Thaw  (F-T)  test  is  considered  to  be  a  basic  test 
of  a  material’s  durability  in  areas  subjected  to  periodic  freez¬ 
ing.  American  Standards  for  Testing  Materials  prescribes  an 
F-T  test  for  concrete  and  paste  (C290,  291).  The  New  York 
State  Department  of  Transportation  uses  a  25-cycle  F-T  test 
on  sized,  unconfined  concrete  aggregates. 

None  of  the  F-T  tests  now  in  use  can  be  applied  directly 
to  shale  since  they  involve  periodic  or  continuous  immersion 
of  the  sample  either  in  water  or  in  a  test  solution.  Conse¬ 
quently,  an  F-T  test  was  devised  which  is  more  applicable  to 
shale.  A  test  solution  of  5  percent  by  mass  NaCl  was  pre¬ 
pared.  The  New  York  State  Department  of  Transportation 
uses  a  10  percent  solution,  but  research  has  indicated  that  a 
3.3  percent  to  5  percent  solution  is  more  effective  (Hudec 
and  Ridgey,  1976).  Using  a  salt  solution  is  more  destructive 
than  using  pure  water  and  approximates  conditions  of  winter 
salting.  Instead  of  freezing  the  shale  sample  in  the  solution, 
the  sample  was  briefly  immersed  in  the  solution  to  achieve 
partial  saturation,  drained,  and  the  F-T  tested  in  air.  This 
procedure  prevents  to  some  degree  the  slaking  of  the  sample 
prior  to  freezing  and  approximates  the  conditions  under 
which  the  shale  would  normally  be  found  in  embankments 
that  are  partially  saturated  by  ground  moisture. 

Other  Tests 

Dielectric  heating,  abrasion,  and  density  determination 
tests  were  also  performed.  The  details  of  the  tests  and  their 
results  can  be  found  in  Hudec  (1978). 

SAMPLE  SELECTION  AND 
PREPARATION 

Representative  samples  were  collected  from  all  regions  of 
Ontario  where  shale  or  slate  are  abundant  in  outcrop  or 
suboutcrop.  Where  possible,  a  fresh  shale  sample  was  ob¬ 
tained  from  quarries,  pits,  and  recent  road  cut  excavations. 
In  some  places  the  outcrops  sampled  were  exposed  to  weath¬ 
ering  for  an  undetermined  number  of  years,  and  the  sample 
thus  represented  the  more  resistant  portion  of  the  shale 
sequence,  such  as  limy  beds. 

The  formations  sampled  were  the  following: 


Paleozoic 

Devonian 

Kettle  Point  Formation 

Hamilton  Formation 

Silurian 

Rochester  Shale  Formation 

Ordovician 

Queenston  Shale 

Meaford-Dundas  and  Blue  Mountain 

Shale 

Collingwood-Billings  Shale 

Proterozoic 

Sibley  Shale  and  Slate 

Gunflint  Slate 

Forty-three  samples  were  collected,  each  in  blocks  or  frag¬ 
ments  totalling  approximately  20  kg.  The  samples  were 
crushed  and  sieved  to  the  sizes  required  for  the  tests. 

DISCUSSION  OF  RESULTS 

Since  the  purpose  of  the  research  was  to  develop  a  defini¬ 
tive  set  of  tests  for  shale  durability,  the  results  of  the  tests* 
were  compared  statistically  to  determine  their  reproductibil- 
ity  and  correlation. 

The  primary  statistical  tool  used  is  correlation  and  regres¬ 
sion.  Simple  linear  correlation  assesses  the  degree  of  relation¬ 
ship  between  two  variables  measured  on  a  number  of 
individuals.  Regression  permits  the  quantification  of  the  rela¬ 
tionship  between  the  two  sets  of  variables,  so  that  other 
values  can  be  predicted. 

Freeze/Thaw  Test 

The  amount  of  deterioration  that  was  observed  during  the 
test  was  remarkably  similar  to  the  deterioration  that  the 
samples  underwent  upon  wetting  and  drying.  The  results 
show  that  the  test  is  very  severe,  that  is,  after  as  few  as  12 
cycles  of  freezing  and  thawing  the  losses  are  very  high.  It  is 
probable  that  fewer  cycles,  probably  5,  are  sufficient  to  cause 
significant  breakdown  of  rock.  Under  such  circumstances  the 
Freeze-Thaw  Test  would  be  practical  as  a  routine  test  since 
the  technician  time  required  is  low  and  the  total  time  to 
perform  the  test  is  approximately  7  working  days. 

Slake  Durability 

The  tests  were  conducted  on  three  sizes  of  shale  particles 
in  order  to  determine  the  effect  of  particle  size  on  durability. 
This  is  important  not  only  from  the  point  of  view  of  testing, 
but  also  from  the  aspect  of  natural  deterioration  of  shale 
particles  in  the  environment. 

In  general,  particle  size  appears  to  influence  results  most 
in  the  first  one  or  two  cycles.  After  the  5th  cycle,  the  losses 
in  all  sizes  of  shale  are  virtually  identical. 

It  can,  therefore,  be  stated  that  the  loss  as  measured  by 
the  Franklin  method  is  independent  of  the  size  of  the  shale 
particles  used  and  it  follows  that  the  natural  breakdown  of 
shale  in  place  is  also  probably  independent  of  size.  The 
smaller  size  is  preferred  for  testing  because  the  sample  is 
easier  to  obtain  and  is  more  representative  of  the  whole  for 
the  same  weight  of  sample. 

To  determine  the  optimum  number  of  cycles  required  for 
the  test  to  give  significant  results,  the  effect  of  cycles  on  the 
percent  loss  in  each  cycle  was  compared  by  statistical  means. 
Fundamentally,  since  very  little  additional  loss  occurs  after 
the  third  cycle,  3  cycles  of  slaking  are  considered  sufficient  to 
arrive  at  near-complete  deterioration  of  the  sample. 

Wet/Dry  Deterioration 

The  effect  of  the  number  of  cycles  on  the  wet/dry  deterio¬ 
ration  is  obtained  by  a  statistical  treatment  of  the  data.  Based 
on  regression  analysis  it  was  found  that  3  cycles  of  wetting 
and  drying  will  achieve  most  of  the  losses,  and  hence  3 
cycles  were  recommended. 


*  Tabulated  results  and  further  analytical  data  may  be  obtained  from 
Hudec  (1978). 
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Rate  of  Slaking  Test  Results 

The  Rate  of  Slaking  Test  produces  erratic  results  when  the 
mass  gain  in  the  various  cycles  is  compared.  Some  specimens 
show  an  increase  in  water  absorption  with  the  number  of 
cycles,  whereas  others  show  a  decrease.  In  general,  it  can  be 
said  that  those  samples  that  show  initial  absorption  of  6 
percent  or  more  after  the  first  cycle  also  have  an  increase  in 
absorption  in  consequent  cycles.  The  specimens  with  an  ini¬ 
tial  absorption  of  less  than  6  percent  exhibit  erratic  behavior 
in  subsequent  cycles.  Some  specimens  were  completely  dis¬ 
integrated  after  the  first  cycle,  and,  therefore,  there  was  no 
reason  to  continue  the  test  after  the  second  cycle.  If  these 
can  be  used  as  a  guide,  then  38  to  40  percent  absorption  by 
mass  would  seem  to  be  the  upper  limit  for  this  test. 

Water  Adsorption  Results 

When  the  results  of  the  duplicate  samples  are  compared 
by  least  squares  regression  the  correlation  coefficient  is  found 
to  be  uniformly  high.  Adsorption  at  95  percent  R.H.  is  ap¬ 
proximately  2.4  times  that  at  45  percent  R.H. 


CORRELATION  RETWEEN  TESTS 

In  the  following  discussion  the  correlations  between  tests 
are  presented  in  their  order  of  best  fit;  those  with  the  high¬ 
est  correlation  coefficient  (i.e.,  approaching  1)  are  presented 
first.  The  numerical  value  of  the  correlation  coefficient,  R, 
gives  the  best  estimate  of  the  “goodness  of  fit”  of  the  points. 
The  equation  of  the  line  that  is  derived  by  the  regression 
analysis  is  the  line  of  best  fit  that  can  be  drawn  through  the 
points. 

Slaking  Loss  Versus  Wet/Dry 
Deterioration  (R  =  0.97) 

Since  both  of  these  tests  essentially  measure  slaking,  it  is 
to  be  expected  that  the  correlation  should  be  high.  Figure  1 
shows  that  the  points  fall  close  to  the  line  of  best  fit;  the  line 
has  an  almost  1:1  slope  and  the  correlation  coefficient  is  high. 
This  indicates  that  both  tests,  when  run  under  the  conditions 
of  the  experiment  outlined  earlier,  will  give  essentially  the 
same  numerical  results.  The  choice  of  the  test  will  be  dicta¬ 
ted  by  the  ease  with  which  it  can  be  performed  and  the  time 
it  takes  to  do  the  test. 
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^QQ  Figure  2  Slaking  Loss  Versus  Freeze/Thaw 
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Figure  5  Rate  of  Slaking  Versus  H2O  Adsorption 


Two  samples  were  platy  in  nature  and,  thus,  during  the 
wet/dry  deterioration  test  a  larger  proportion  passes  through 
the  sieve  giving  a  larger  loss  than  in  the  slaking  test  (two 
points  show  to  the  right  of  the  line).  On  this  basis  the  slaking 
loss  test  is  considered  to  be  more  accurate  overall  because  it 
is  not  affected  by  the  particle  shape  to  the  same  degree  as 
the  wet/dry  deterioration  test. 

Freeze/Thaw  Versus  Slaking  Loss  (R=0.96) 

The  Freeze/Thaw  Test  and  the  Slaking  Loss  Test  show  a 
log-normal  relationship  (Figure  2).  The  freeze/thaw  loss  in¬ 
creases  as  the  natural  log  of  slaking  loss  increases.  A  12-cycle 
freeze/thaw  test  was  found  to  give  a  much  better  correlation 
and  an  indication  of  soundness. 

Freeze/Thaw  Versus  Wet/Dry 
Deterioration  (R  =  0.91) 

As  can  be  expected,  the  freeze/ thaw  relationship  to  the 
wet/dry  deterioration  follows  the  same  pattern  as  the  slaking 


loss  above  (Figure  3).  It  is  also  a  log-normal  relationship 
where  relatively  high  freeze/ thaw  losses  are  equivalent  to 
much  lower  wet/dry  deterioration  losses.  This  indicates  that 
the  Freeze/Thaw  Test,  even  at  12  cycles,  is  too  harsh  a  test. 

Slaking  Loss  Versus  Rate  of 
Slaking  (R=0.91) 

The  relationship  of  these  two  tests  is  also  log-normal  (Fig¬ 
ure  4).  The  water  absorption  of  the  shale  is  variable,  espe¬ 
cially  at  low  slaking  losses,  and  accounts  for  the  wide 
distribution  of  points  and  the  lower  correlation.  However, 
the  correlation  is  significant  and  positive,  indicating  that,  as 
slaking  loss  increases,  so  does  the  amount  of  absorbed  water. 

Adsorbed  Water  Versus  Rate  of  Slaking 
(R=0.85) 

A  positive  log-normal  curve  represents  the  relationship  be¬ 
tween  adsorbed  and  absorbed  water  (Figure  5).  The  higher 
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the  water  content  condensed  (95  percent  R.H.  adsorption)  in 
small  (less  than  1  nm)  capillaries,  the  higher  the  total  absorp¬ 
tion. 

Adsorbed  Water  Versus  Wet/Dry 
Deterioration  (R=0.81) 

The  positive  linear  relationship  in  Figure  6  clearly  shows 
the  effect  of  adsorbed  water  on  rock  breakdown.  The  correla¬ 
tion  was  improved  when  results  of  a  3-cycle  wet/dry  test 
were  compared. 

Freeze/Thaw  Versus  Rate 
of  Slaking  (R  =  0.81) 

This  relationship  is  plotted  as  log-normal  (Figure  7);  how¬ 
ever,  a  better  correlation  is  obtained  when  the  rate  of  slaking 
is  plotted  on  a  log-log  scale  versus  freeze/thaw  normal  scale. 
This  again  points  out  that  the  Freeze/Thaw  Test  at  12  cycles 
is  very  severe  and  cannot  discriminate  between  samples  with 
medium  to  high  losses.  The  same  relationship  is  given  in 
Figure  8,  but  in  this  case  a  one  cycle  rate  of  slaking  test  is 
compared.  The  log-normal  correlation  decreases,  but  the  log/ 
log-normal  relationship  is  improved,  strengthening  the  above 
conclusions. 


Freeze/Thaw  Versus  Water 
Adsorption  (R  =  0.71) 

A  log-normal  plot  of  the  two  tests  is  shown  in  Figure  9. 
The  points  would  again  fit  a  log/log-normal  curve  better,  thus 
pointing  to  the  severity  of  the  freeze/thaw  test  at  12  cycles. 

Water  Adsorption  Versus 
Slaking  Loss  (R=0.71) 

Figure  10  was  plotted  on  a  log-normal  scale  to  obtain  a 
better  distribution  of  points.  However,  regression  analysis 
indicates  that  the  relationship  is  linear,  as  it  is  also  for  water 
adsorption  and  wet/dry  deterioration.  The  linear  correlation 
coefficient  is  improved  to  0.81. 

CLASSIFICATION  OF  SHALES 

The  slaking  loss  on  the  >Vi  inch  (13  mm)  size  sample  was 
plotted  on  a  log-normal  histogram  to  obtain  the  frequency  of 
distribution  of  losses.  Loss  was  plotted  on  the  log  scale.  The 
log-normal  plot  was  chosen  because  the  slaking  loss  has  a  log¬ 
normal  relationship  to  many  of  the  other  tests.  The  results 
essentially  show  a  bimodal  distribution  with  a  large  number 
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FREEZE-THAW,  12  Cycle  (%  mass  loss)  FREEZE-THAW,  12  Cycle  (%  mass  loss) 
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Figure  7  Rate  of  Slaking  5  Cycles  Versus  Freeze/Thaw 


Figure  8  Rate  of  Slaking  1  Cycle  Versus  Freeze/Thaw 
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Figure  9  H2O  Adsorption  Versus  Freeze/Thaw 
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of  low  losses,  a  large  number  of  high  losses,  and  fewer 
samples  plotting  in  the  intermediate  category.  The  limits  for 
the  various  classes  are  given  in  Table  1  below. 

Table  1 

Durability  Classification  —  5  Cycle  Slaking 


Loss,  > V2  inch  (13  mm)  Sample  Size 


Classifi¬ 

cation 

Number 

of 

Samples 

Limits 

(%  Loss) 

Nature  of  Loss 

Rock-like 

20 

0-5 

No  discernible  effect. 

Low  Loss 

6 

5-25 

Minor  spalling  along  bedding 
planes. 

Intermedi¬ 
ate  Loss 

3 

25-60 

Spalling  and  disintegration. 

High  Loss 

14 

60-100 

Disintegration  into  mud-like  con¬ 
sistency. 

The  limits  of  the  slaking  loss,  as  established  in  Table  1, 
were  then  used  to  derive  limits  for  other  tests.  The  limits 
were  derived  from  equations  of  lines-of-best-fit  given  in  Fig¬ 
ures  2  to  10.  The  relationships  having  the  best  correlation 
were  used  first,  and  the  limits  so  derived  were  then  used  in 
subsequent  equations.  Thus,  a  total  of  16  equations  were 
used  to  arrive  at  limits  for  6  tests.  In  some  cases  limits  for  a 
given  test  were  derived  from  up  to  4  equations  and  then 
averaged.  The  results  are  presented  in  Table  2. 


Table  2 

Durability  Limits  of  Shales 


Test 

Rock¬ 

like 

Low 

Loss 

Inter¬ 

mediate 

Loss 

High 

Loss 

Slaking  Loss,  % 

0-5 

5-25 

25-60 

66-100 

Wet/  Dry 

Deterioration,  % 

0-6 

6-28 

28-66 

66-100 

Rate  of  Slaking, 

%  H2O  Absorbed 

0-2.6 

2. 6-4. 7 

4.7-12.9 

12.9-40* 

Freeze/Thaw 

Loss,  %  12  Cycles 

0-49 

49-70 

70-88 

88-100 

H2O  Adsorption 

95%  R.H.,  30°C 

0-1.0 

1.0-1. 4 

1. 4-2.1 

>2.1 

Dielectric  No. 

0-14.6 

14.6-17.8 

17.8-20.2 

>20.2 

Abrasion  Loss,  % 

0-0.47 

0.47-0.72 

0.72-1.0 

>1.0 

*  Extrapolated  upper  limit 


USE  OF  SHALE  IN  EMBANKMENTS 
AND  BACKFILL 

Embankment  and  Fill  Use 

Shale  in  the  embankment  will  be  subject  to  periodic  wet¬ 
ting  and  drying.  This  is  especially  true  for  the  shale  in  the 
near  surface.  Additionally,  the  near-surface  shale  will  also  be 
subject  to  freezing  and  thawing.  Thus,  a  shale  must  be  able 
to  withstand  these  processes  or  must  be  treated  so  that 
subsequent  breakdown  will  not  adversely  affect  the  structure. 
The  shale  in  the  rock-like  category  can  be  treated,  for  all 
purposes,  as  rock  and  compacted  accordingly.  The  shale  in 
the  low-loss  category  will  need  some  size  reduction  (crushing) 
and  moderate  compaction.  The  shale  in  the  intermediate  loss 
category  will  require  crushing  and  moderate  to  high  compac¬ 
tion  and  wetting  to  promote  slaking.  The  shales  in  the  high 
loss  category  will  have  to  be  treated  as  earth,  requiring 
crushing  of  material,  high  compaction  and  application  of  wa¬ 
ter  to  promote  slaking. 

The  degree  of  compaction,  and  the  amount  of  water 
needed  will  have  to  be  determined  from  the  past  service 
record  and  experience.  As  more  field  data  is  correlated  with 
results  of  laboratory  testing,  it  may  be  possible  to  indicate 
the  required  degree  of  compaction  more  accurately. 

Swamp  Backfill  Use 

Shale  for  swamp  backfill  use  will  be,  for  the  most  part,  in  a 
saturated  state.  Long-term  slaking  will  play  a  dominant  part 
in  the  behavior  of  the  backfill.  Shales  that  slake  rapidly  and 
completely  into  mud-like  consistency  are  considered  unsuit¬ 
able  for  this  purpose.  Shales  with  rock-like  response  to  slak¬ 
ing  can  be  used  without  any  problem.  The  low-loss  shales 
can  also  be  used,  with  caution.  The  intermediate-loss  shales 
probably  slake  completely  with  time  and  could  probably  be 
used  only  in  special  circumstances. 

Experience  and  correlation  of  past  and  future  experience 
with  laboratory  testing  will  more  closely  define  the  limits  of 
use. 
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RESERVE  “DETERMINATION”  AND  SELECTIVE  MINING 
IN  VOLCANIC  ROCKS 

SONOMA  AND  NAPA  COUNTIES,  CALIFORNIA 

Charles  L.  Taylor 
Woodward-Clyde  Consultants 


ABSTRACT 

The  Sonoma  Volcanics  cover  a  considerable  area  north  of 
San  Francisco  Bay  in  Sonoma  and  Napa  Counties,  California. 
These  deposits  consist  of  tuffaceous  volcanic  materials  and 
some  quarry-quality  basalt  and  rhyolite  flows.  These  flows 
are  very  sinuous,  fairly  narrow,  and  of  variable  thickness. 
Although  there  is  a  considerable  amount  of  basalt  and  rhy¬ 
olite  within  this  formation,  it  is  of  limited  thickness  and 
extent  and  is  located  beneath  or  within  extensive  deposits  of 
tuff.  For  these  reasons,  most  of  the  formation  is  uneconomi¬ 
cal  to  quarry,  selective  mining  of  these  high  quality  flows  is 
very  difficult,  and  calculation  of  reverse  is  very  challenging. 
For  this  area,  it  is  recommended  that  the  term  “reserve 
determination”  be  replaced  by  “reserve  assessment”  or  “re¬ 
serve  estimate.” 

Selective  mining  of  these  deposits  has  been  conducted  for 
many  years.  The  selective  mining  and  reserve  estimates 
generally  have  been  based  on  the  past  experience  and  judg¬ 
ment  of  the  operator.  By  utilizing  geologic  mapping  supple¬ 
mented  by  borings,  trenches,  and  exploration  geophysical 
surveys,  it  is  possible  to  construct  geologic  maps  and  cross 
sections  that  aid  in  reserve  assessment  and  assist  in  selective 
mining  of  these  deposits.  The  results  of  these  studies  indicate 
that  the  experience  and  knowledge  of  the  operator  is  a  valu¬ 
able  and  essential  supplement  to  the  geologic  data. 

INTRODUCTION 

There  is  a  continuing  and  expanding  need  for  mineral 
resources  in  the  San  Francisco  Bay  Area.  Within  the  Bay 
Area  mineral  resources  are  available  to  meet  many  local 
needs.  However,  mineral  resources  are  non-renewable;  they 
can  be  mined  to  depletion.  In  addition,  urban  expansion  may 
make  them  unavailable  by  covering  them  with  streets  and 
buildings,  or  their  mining  may  have  undesirable  environmen¬ 
tal  consequences. 

Mineral  commodities  quarried  in  the  Bay  Area  for  use  in 
the  construction  of  buildings  and  roads  have  an  annual  value 
of  more  than  70  million  dollars  and  account  for  considerably 
more  than  half  the  total  value  of  mineral  products  produced 
(Bailey  and  Harden,  1975).  These  commodities  are  indispen- 
sible  to  modern  society  and  because  of  their  bulk  and  low 
unit-value,  are  generally  mined  close  to  the  point  of  use. 
Included  are  vast  quantities  of  sand  and  gravel,  crushed 
stone,  limestone  and  shale  used  in  manufacturing  cement, 
dimension  stone,  and  expandable  shale.  Because  major  con¬ 
struction  products  are  needed  in  very  large  amounts,  are 
mined  at  the  surface  in  large  quarries,  and  have  unit-dollar 
values  that  are  small  compared  to  transportation  cost,  they 
present  similar  environmental,  economic,  and  planning  prob¬ 
lems. 


Suitable  sand,  gravel,  and  rock  are  available  locally  in  the 
Bay  Area  in  adequate  amounts  for  future  needs  if  the  known 
sources  remain  accessible.  Whether  or  not  these  sources  will 
remain  available  depends  upon  balancing  the  increased  cost 
that  will  result  from  obtaining  these  ijiineral  products  else¬ 
where  against  some  temporary  on-site  environmental  dam¬ 
age.  Lately,  there  have  been  indications  from  local 
governmental  agencies  and  environmental  groups  that 
quarrying  operations  should  be  eliminated  from  the  alluvial 
areas  along  streams  and  from  near  population  centers  be¬ 
cause  of  the  environmental  impact  there.  It  is  said  these 
operations  should  be  moved  into  the  hills  and  out  of  sight, 
assuming  that  the  hills  contain  rocks  that  are  suitable  for 
quarry  products.  There  are  major  errors  in  that  assumption. 

The  Sonoma  Volcanics  (Figure  1)  have  been  identified  as  a 
major  source  of  rock  products  in  the  San  Francisco  Bay  Area. 
While  there  is  a  considerable  amount  of  quality  rock  within 
the  formation,  most  of  it  is  uneconomical  to  quarry.  Selective 
mining  of  high  quality  flows  is  required  and  it  is  difficult  to 
estimate  these  reserves.  The  Sonoma  Volcanics  cannot  re¬ 
place  the  materials  found  in  the  alluvial  valleys  and  along  the 
major  streams.  In  order  to  understand  the  limitations  of  the 
Sonoma  Volcanics,  it  is  necessary  to  consider  the  following: 

1.  The  location  of  the  Sonoma  Volcanics  in  relation  to  the 
San  Francisco  Bay  Area. 

2.  The  types  of  materials  in  the  Sonoma  Volcanics  and 
their  uses. 

3.  The  characteristics  of  the  formation  that  contribute  to 
problems  with  reserve  determination  and  require  selec¬ 
tive  mining  of  this  formation. 

4.  The  type  of  geologic  studies  conducted  within  this  for¬ 
mation  to  provide  a  better  estimate  of  the  reserves, 
identification  of  the  high  quality  rock  materials,  and  to 
assist  in  economic  quarry  operations. 

LOCATION  OF  SONOMA  VOLCANICS 

The  Sonoma  Volcanics  are  located  north  of  the  San  Fran¬ 
cisco  Bay  Area  as  shown  on  Figure  1.  The  rocks  provide  a 
source  of  aggregate  sub-base,  aggregate  base,  cemented- 
treated  base,  asphalt  concrete,  large  riprap  stones,  and  some 
miscellaneous  rock  products.  These  products  are  either  used 
locally  within  the  northern  San  Francisco  Bay  Area,  utilized 
in  products  that  are  manufactured  in  that  area  and  exported 
elsewhere,  or  are  exported  out  of  that  area,  as  is  the  case 
with  large  riprap  stones. 

TYPE  OF  ROCK  MATERIALS  AND  USES 

The  Sonoma  Volcanics  are  composed  of  a  complex  series  of 
lava  flows  and  tuff  beds  as  shown  in  Figure  2.  In  many  areas, 
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Figure  1  Location  of  the  Sonoma  Volcanics  north  of  the  San  Francisco  Bay  Area. 
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DESCRIPTION 

APPROXIMATE 

THICKNESS 

(FEET) 

RHYOLITE 

0-500 

PITCHSTONE 

0-20 

TUFF 

60-80 

CINDER 

120-170 

BASALT 

150-580 
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10-20 
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10-20 

CLASTIC  BASALT 

NOT 

TUFF 

DEFINED 

TUFF 

II 

CLASTIC  BASALT 

TUFF 

II 

ALTERNATING  TUFF 

AND  BASALT 

II 

Figure  2  Representative  geologic  column  of  the  Sonoma  Volcanics.  Note  that  the  individual  flows 
may  exhibit  large  variations  in  thickness. 


the  lava  flows  may  constitute  as  much  as  60  percent  of  the 
sequence  and,  in  others,  less  than  20  percent.  The  lava  flows 
consist  of  basalt,  andesite,  and  some  rhyolite.  An  individual 
flow  exhibits  great  variation;  the  thickness  may  change  in  a 
comparatively  short  distance  from  a  few  feet  to  several  hun¬ 
dred  feet.  The  texture  may  change  from  a  dense  and  fine¬ 
grained  rock  to  a  vesicular  and  agglomeratic  rock.  However, 
these  flows  constitute  the  most  desirable  rock,  whereas  the 
intervening  tuff,  pitchstone,  cinder,  clastic  basalt  tuff,  and 
agglomerate  have  very  little  economic  value.  The  rhyolite 
and  basalt  have  been  utilized  for  aggregate  sub-base,  aggre¬ 
gate  base,  eemented-treated  base,  and  asphalt  concrete.  The 
other  materials  can  commonly  be  used  as  aggregate  sub-base 
or  unengineered  fill.  Use  of  the  materials  as  aggregate  base 
or  as  engineered  fill  depends  upon  the  characteristics  of  the 
specific  materials. 

The  high-quality  basalt  and  rhyolite  can  also  be  utilized  as 
sources  of  large  riprap;  however,  the  basalt  is  more  desirable 
because  of  its  higher  density.  The  tuff  and  cinder  within  the 
Sonoma  Volcanics  are  generally  uneconomical  to  handle. 
They  are  light  weight,  and  generally  there  is  not  the  need  for 
a  sufficient  quantity  of  fill  material  to  make  it  economically 


desirable  to  excavate  these  materials.  Also,  some  pumice 
layers  within  the  Sonoma  Volcanics  are  utilized  for  making 
artificial  building  stone. 

It  can  been  seen  from  the  above  discussion  that  this  forma¬ 
tion  contains  some  high  quality  and  desirable  layers;  how¬ 
ever,  it  also  contains  a  high  percentage  of  low  quality  and 
undesirable  materials.  Because  of  the  method  of  deposition, 
it  is  difficult  to  estimate  the  location,  extent,  and  thickness  of 
the  high-quality  materials  without  considerable  geologic  ex¬ 
ploration. 

The  hard  basalt  rock  is  a  valuable  mineral  resource  and  is 
commonly  found  beneath  thick  overburden.  The  overburden 
generally  contains  a  high  percentage  of  waste,  which  makes  it 
difficult  to  retrieve  the  high-quality  material  economically. 
The  rhyolite,  like  the  basalt,  occurs  in  isolated  locations  and 
is  covered  by  overburden  that  must  be  removed  to  get  to  the 
high-quality  material.  The  nature  of  the  deposition  of  these 
rocks  makes  it  difficult  to  trace  their  extent  for  any  distance. 

The  red  cinder  and  tuff  commonly  found  within  the 
Sonoma  Volcanics  have  very  little  to  no  economic  value. 
However,  because  of  the  extent  and  percentage  of  these 
materials  within  the  volcanics  and  because  they  must  be 
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removed  in  order  to  get  to  the  high-quality  materials,  they 
contribute  to  uneconomical  development  of  many  quarry 
sites. 

The  agglomerate  within  the  Sonoma  Volcanics  commonly 
outcrops  as  rugged  masses  of  rock  along  the  tops  of  hills;  this 
suggests  to  laypeople  and  to  environmental  groups  that  there 
is  a  considerable  amount  of  rock  beneath  the  surface.  How¬ 


ever,  closer  examination  of  this  rock  reveals  that  it  is  broken 
and  is  mixed  with  the  less  desirable  types  of  volcanic  mate¬ 
rials.  There  is  a  very  high  waste  factor  in  mining  this  type  of 
rock  and  the  resulting  product  is  of  low  quality.  The  surface 
outcrops  of  rock  may  suggest  extensive  deposits;  however, 
excavations  into  the  rock  reveal  that,  in  most  places,  the 
layers  are  approximately  5  to  10  feet  thick  and  beneath  these 
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Figure  5  Seismic  velocity  profiles  based  on  wave-front  refraction  diagrams  (Meissner,  1961).  The 
estimated  rock  quality  (marginal,  fair,  good  and  best)  is  based  on  a  comparison  of  the 
velocities  in  an  existing  quarry  and  its  production  history. 


surface  layers  are  found  extensive  deposits  of  the  undesirable 
and  uneconomic  tuft. 

CHARACTERISTICS  OF  THE 
FORMATION 

The  significant  characteristics  of  the  Sonoma  Volcanics  are 
summarized  below.  These  characteristics  contribute  to  prob¬ 
lems  with  reserve  determination  and  explain  the  need  for 
selective  mining  within  the  Sonoma  Volcanics.  They  also 
explain  the  reasons  why  the  Sonoma  Volcanics  are  not  very 
attractive  from  the  standpoint  of  quarrying  operations. 

A.  The  high-quality  basalt  and  rhyolite  occur  in  sinuous 
narrow  flows  of  varying  thickness  and  width.  The  ex¬ 
tent  and  thickness  of  the  flows  are  difficult  to  estimate 
with  any  great  degree  of  accuracy  without  detailed 
subsurface  data. 

B.  The  high-quality  basalt  and  rhyolite  are  found  within 
extensive  deposits  of  uneconomical  tuff,  cinder,  and 
other  volcanic  rock  materials.  The  high-quality  basalt 
commonly  is  found  several  tens  to  hundreds  of  feet 
beneath  the  uneconomical  material.  Even  when  the 
high-quality  rock  is  found  near  the  surface,  there  is  a 
considerable  thickness  of  overburden  (on  the  order  of 
at  least  50  feet)  that  has  a  very  high  waste  factor.  This 
requires  that  a  considerable  amount  of  material  be 


removed  before  the  prime  rock  is  encountered. 

C.  Selective  mining  is  required  from  those  pockets  of  the 
high-quality  material  that  are  near  the  surface  and  ac¬ 
cessible.  Because  of  the  variations  in  thickness  and 
extent  of  the  high-quality  materials,  the  actual  location 
of  these  deposits  and  determination  of  the  reserve  is 
very  difficult.  For  deposits  such  as  this,  it  is  better  to 
refer  to  the  reserve  estimate  than  to  the  reserve  deter¬ 
mination  because  there  can  be  a  large  difference  be¬ 
tween  the  estimate  and  the  actual  quarry  rock. 

D.  The  Sonoma  Volcanics  have  a  high  waste  factor.  Waste 
factor  refers  to  material  that  is  not  economical  to  use 
and  does  not  have  a  ready  market  but  must  be  handled 
and  processed  or  stockpiled  somewhere  on  or  near  the 
site  in  order  to  get  to  the  economical  materials.  In  the 
case  of  some  of  the  less  desirable  materials,  the  waste 
factor  is  100  percent  because  the  materials  are  not 
useable.  The  agglomerate  and  small  basalt  flows  within 
the  Sonoma  Volcanics  may  have  waste  factors  of  60 
percent  or  more.  The  rhyolite  and  basalt  may  have 
waste  factors  of  50  percent  or  more  in  the  overburden 
portion  (upper  50  feet)  of  a  deposit.  Within  the  high- 
quality  rock  the  waste  factor  may  be  on  the  order  of  5 
percent;  10  to  15  percent  in  fractured  areas;  and,  in 
badly  broken  and  sheared  rock,  it  may  be  20  percent 
or  more. 
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Geologic  studies  have  been  conducted  within  the  Sonoma 
Volcanics  to  aid  in  estimating  the  reserves,  identify  locations 
of  new  quarries,  and  better  delineate  the  high-quality  rock  in 
existing  quarries.  These  studies  consist  of  geologic  mapping 
with  the  aid  of  exploration  pits  to  assess  the  nature  and 
structure  of  the  rock  at  a  given  quarry  or  prospective  quarry 
site.  Borings  are  then  made  to  obtain  some  indication  of  the 
subsurface  materials  and  the  rock  quality,  as  well  as  the 
thickness  and  extent  of  the  rock  layers.  This  information  can 
be  plotted  on  a  geologic  map.  Geologic  cross  sections,  as 
shown  on  Figure  3,  can  then  be  constructed  to  show  the 
estimated  extent  and  thickness  of  the  different  layers.  These 
sections  can  be  utilized  to  make  estimates  of  the  reserves.  In 
an  existing  quarry  the  estimates  can  be  compared  with 
present  production  to  identify  areas  for  additional  exploration 
and  assist  in  planning  quarry  configurations. 

An  indication  of  the  quality  of  the  quarry  materials  can  be 
obtained  by  running  a  geophysical  (seismic  refraction)  survey 
of  prospective  quarry  locations,  as  shown  on  Figure  4.  When 
a  refraction  survey  is  used  to  supplement  the  geologic  map¬ 
ping  and  borings,  a  more  accurate  interpretation  of  the  sub¬ 
surface  conditions  can  be  made.  The  refraction  survey 
provides  a  seismic  velocity  (feet  per  second)  for  each  of  the 
different  rock  layers,  and  seismic  velocity  can  generally  be 
correlated  to  the  quality  of  the  rock  materials;  the  higher  the 
velocity,  the  better  the  rock  quality.  Seismic  velocity  is  usu¬ 
ally  very  helpful  in  estimating  the  reserve  quantity  and  in 
estimating  the  quality  of  the  rock  material.  It  is  important  to 
realize  that  seismic  refraction  surveys  in  the  Sonoma  Vol¬ 
canics  will  tend  to  result  in  an  overestimation  of  the  higher 
velocity  (high-quality)  rock.  This  is  because  the  basalt  will 
transmit  at  such  high  velocities  that  the  low  velocity  of  the 
interbedded  or  underlying  tuff  will  be  masked. 

It  is  possible  to  correlate  the  seismic  velocities  obtained 
from  a  prospective  quarry  site  with  the  seismic  velocities  of 
the  rock  types  from  an  existing  quarry  with  a  known  produc¬ 
tion  history.  By  comparing  the  seismic  velocity  from  a  known 
production  area  to  a  prospective  quarry  site,  some  indication 
can  be  obtained  of  the  quality  of  the  rock,  production  values, 
and  how  the  material  might  be  utilized.  Profiles  such  as 
shown  on  Figure  5  can  be  used  to  show  the  seismic  velocity 
and  the  estimated  rock  quality.  The  success  of  using  seismic 


velocities  to  correlate  rock  units  between  a  prospective 
quarry  site  and  an  existing  quarry  depends  upon  the  experi¬ 
ence  of  the  operators. 

The  rocks  within  the  Sonoma  Volcanics  vary  so  much  in 
quality  that  it  is  very  desirable  to  make  a  comparison  be¬ 
tween  a  prospective  quarry  site  and  an  existing  quarry.  This 
can  be  helpful  in  indentifying  the  type  of  rocks  and  antici¬ 
pate  production  and  operation  problems,  uses,  and  waste 
factors  that  might  be  involved  for  a  specific  rock  unit  or 
layer. 


CONCLUSIONS 

The  Sonoma  Volcanics  are  a  significant  source  of  quarry 
products  in  the  San  Francisco  Bay  Area.  However,  because 
of  the  nature  of  the  materials,  particular  care  is  needed  to 
locate  and  estimate  the  reserves  of  high-quality  rock.  It  is 
also  important  to  point  out  that  there  is  a  considerable 
amount  of  uneconomical  material  within  this  formation;  there 
is  generally  a  high  waste  factor  involved  in  quarry  operations. 
It  is  very  desirable  to  correlate  prospective  quarry  sites  with 
a  known  quarry  that  has  documented  production  history,  and 
to  have  the  benefit  of  the  experience  of  a  knowledgeable 
operator.  Although  Sonoma  Volcanics  are  a  source  of  quarry 
products,  they  do  not  contain  sufficient  quality  rock  to  re¬ 
place  or  adequately  supplement  aggregate  from  alluvial 
sources. 
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ABSTRACT 

Several  industrial  mineral  deposits  occur  within  the 
pegmatites  of  the  southern  Black  Hills,  South  Dakota, 
U.S.A.  A  few  thousand  Middle  Precambrian  (Precambrian  X) 
granitic  pegmatites  crop  out  as  tabular  to  lenticular  bodies, 
up  to  200  feet  (60.9  m)  wide  and  as  much  as  a  mile  (1.6  km) 
long.  These  occur  within  both  the  Harney  Peak  Granite  stock 
and  bordering  schist,  quartzite,  and  amphibolite. 

Four  types  of  pegmatite  bodies — homogeneous,  zoned,  re¬ 
placement,  and  fracture-filling — as  well  as  the  Harney  Peak 
Granite  itself,  crystallized  under  differing  P-T  conditions 
from  liquid  and  vapor  phases  of  a  common  parent  magma. 
Greater  than  99  percent  of  the  pegmatite  bodies  are  of  the 
homogeneous  type,  commonly  consisting  of  fine-  to  medium¬ 
grained  porphyritic  rock  composed  of  quartz,  perthitic  micro- 
cline,  muscovite,  and  albite.  Most  are  partly  layered  and 
contain  segregations  of  coarse-grained  graphic  granite  and 
quartz  muscovite  intergrowths  but  some  bodies  are  massive 
and  consist  entirely  of  quartz.  Zoned  pegmatite  bodies  con¬ 
sist  ideally  of  four  distinct  zones  symmetrically  arranged 
about  a  central  core.  From  the  host  rock-pegmatite  contact 
inward,  mineral  assemblages  in  the  respective  zones  are:  (1) 
border  zones  of  quartz,  plagioclase  (albite),  and  muscovite, 

(2)  wall  zones  of  quartz,  plagioclase  (albite),  and  muscovite, 

(3)  intermediate  zones  of  quartz,  plagioclase  (albite  to  cleave- 
landite),  with  or  without  muscovite,  perthitic  microcline, 
spodumene,  and  amblygonite,  and  (4)  core  zones  of  quartz 
with  lesser  quantities  of  perthitic  microcline  and  spodumene. 
Replacement  and  fracture-filling  pegmatites  are  of  limited 
extent  and  importance. 

Potash  feldspar,  quartz,  and  sheet  and  scrap  mica  have 
been  the  major  mineral  products  of  the  zoned  pegmatites, 
and  lesser  amounts  of  lithium-,  beryllium-,  tantalum-,  and 
tin-bearing  minerals  also  have  been  recovered.  Quartz  and 
sheet  and  scrap  mica  have  been  produced  from  the  homoge¬ 
neous  pegmatites. 

Prior  to  the  World  War  II  studies,  miners  in  the  southern 
Black  Hills  pegmatite  district  estimated  ore  reserves  by  inte¬ 
grating  their  experience  with  land-surface  and  underground 
information,  but  reserve  estimates  can  now  be  made  with 
somewhat  greater  confidence.  Post-World  War  II  studies, 
when  applied  to  direct  observations,  can  be  used  in  predict¬ 
ing  the  general  geometric  shape  and  the  relative  thickness 
and  possible  extent,  sequence,  and  mineralogic  assemblages 
of  the  commonly  occurring  ore  bodies,  zones  and  layers. 
Estimates  of  inferred  ore  reserves  can  be  made  in  those  areas 
having  a  good  geologic  data  base.  However,  to  estimate  the 
volume  of  inferred  and  measured  ore,  it  is  necessary  to 
supplement  the  background  data  with  detailed  geologic,  ana¬ 
lytical  testing,  and  economic  information. 


INTRODUCTION 

Almost  without  exception,  those  of  us  engaged  in  estimat¬ 
ing  the  value  of  industrial  mineral  properties  encounter  a 
common  problem,  that  of  insufficient  data  from  which  to 
compute  ore  reserves.  This  problem  is  particularly  acute  in 
complex  geologic  terranes  such  as  the  southern  Black  Hills 
pegmatite  district,  South  Dakota.  In  this  paper  we  discuss 
the  merits  of  an  approach  that  utilizes  information  regarding 
pegmatite  genesis,  as  fully  as  possible,  in  the  several  steps 
leading  to  reserve  estimates. 

Much  of  the  descriptive  information  on  the  Black  Hills 
pegmatites  referred  to  in  this  report  was  developed  during 
the  period  from  1939  to  1945  by  geologists  of  the  U.S. 
Geological  Survey  (Cameron  and  others,  1949;  Page  and 
others,  1953;  and  Norton  and  others,  1964).  Subsequent  re¬ 
search  by  a  number  of  workers,  including  McDowell  (1978), 
utilized  electron  microprobe,  atomic  absorption,  and  other 
physical  and  chemical  techniques,  have  outlined  detailed 
geochemical  relationships  in  igneous  and  associated 
pegmatite  bodies,  and  the  genesis  of  many  of  the  types  of 
pegmatite  bodies  is  now  fairly  well  known. 

Conclusions  presented  in  this  paper  are  based  on  these 
data  and  on  data  obtained  by  the  authors  during  examination 
of  specific  properties  within  the  southern  Black  Hills 
pegmatite  district. 

Location  and  Extent 

For  this  discussion,  the  southern  Black  Hills  pegmatite 
district  (Fig.  1)  is  defined  as  that  area  lying  within  about  a  10 
mile  (16  km)  radius  of  the  community  of  Custer  in  Custer 
and  Pennington  Counties,  southwestern  South  Dakota.  Mt. 
Rushmore  National  Monument  is  located  near  the  northern 
limit,  and  Wind  Cave  National  Park  and  the  community  of 
Pringle  are  located  near  the  southern  limit  of  the  district. 

History  of  Production 

A  variety  of  industrial  minerals  have  been  produced  from 
hundreds  of  pegmatite  mines  within  the  southern  Black 
Hills.  This  brief  historic  summary  of  mineral  production  is 
taken  mostly  from  Page  and  others  (1953,  p.  4-6),  which 
should  be  consulted  for  more  details. 

The  first  commercial  pegmatite  mineral  to  be  produced 
from  the  district  was  sheet  mica  from  a  mine  near  Custer  in 
1879.  Large  volumes  of  sheet  mica  were  sold  during  the 
period  from  1906  to  1911,  and  again  to  the  federal  govern¬ 
ment  during  World  War  II.  Although  the  production  of  sheet 
mica  has  now  ceased,  scrap  mica  is  still  purchased  for  use  in 
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a  variety  of  products.  Potash  feldspar,  which  accounts  for  the 
largest  volume  and  sales  of  pegmatite  minerals  from  the  dis¬ 
trict,  has  been  mined  almost  continuously  since  1923.  High- 
purity  quartz,  for  specialty  glass  markets,  has  been  produced 
only  during  the  past  decade.  Tin  minerals  were  initially  re¬ 
covered  by  placer  methods.  Roberts  and  Rapp  (1963,  p.  268) 
report  that  greater  than  200,000  pounds  of  metallic  tin  was 
recovered  from  pegmatites  in  the  southern  Black  Hills  from 
1884  to  1893.  Major  production  of  beryllium-  and  tantalum¬ 
bearing  minerals  occurred  during  1943  and  1944. 

The  most  famous  mine  of  the  district,  the  Etta,  is  located 
about  two  miles  (3.2  km)  southeast  of  Mt.  Rushmore.  From 
1898  to  1960  (Norton  and  others,  1964,  p.  314)  the  Etta 
Mine  was  the  world’s  chief  source  of  lithium.  Since  1960, 
however,  lithium  markets  have  been  supplied  from  the 
North  Carolina  tin-spodumene-belt,  from  brines,  and  from 
new  discoveries  of  hard  rock’  deposits  in  other  parts  of  the 
world  (Kunasz,  1976).  From  time  to  time  potash  feldspar  and 
quartz  as  well  as  tin-  and  beryllium-bearing  minerals  have 
been  recovered  from  the  Etta  pegmatite. 

GENERAL  GEOLOGIC  SETTING  AND 
ORIGIN  OF  THE  PEGMATITIES 

Several  thousand  Middle  Precambrian-age  (Precambrian  X) 
(James,  1972;  Orville,  1960)  pegmatites  are  exposed  as  con¬ 
cordant  to  discordant,  tabular  to  lensoid  bodies  within  the 
Harney  Peak  Granite  and  within  older  country  rocks  which 
consist  of  tighdy  folded  schists,  quartzites,  and  amphibolites. 
Post-Mesozoic  uplift  and  erosion  of  the  Harney  Peak  granite 
stock  and  adjacent  metamorphic  rocks  has  resulted  in  a  60- 
mile  (96  kms)  long  and  22-mile  (35  km)  wide  domal  feature 
commonly  known  as  the  Black  Hills.  The  differentially 
eroded  granitic  spires,  such  as  the  well-known  Mt.  Rushmore 
and  Hamey  Peak  (7246  ft.  +  msl),  are  as  much  as  4,000  feet 
(1219  m)  above  the  surrounding  land  surfaces.  The  surround¬ 
ing  land  surfaces  generally  diminish  in  altitude  radially  out¬ 
ward  from  the  spine’  of  Harney  Peak  granite  and  are 
underlain  by  gently  to  strongly  dipping  and  truncated  Pa¬ 
leozoic-,  Mesozoic-,  and  Cenozoic-age  strata. 

Pegmatite  Genesis 

According  to  the  American  Geological  Institute  (Gary, 
McAfee,  and  Wolf,  1972,  p.  523)  pegmatite  is: 
an  exceptionally  coarse-grained  (most  grains  one  cm  or 
more  in  diameter)  igneous  rock,  with  interlocking  crystals, 
usually  found  as  irregular  dikes,  lenses,  or  veins,  esp.  at 
the  margins  of  batholiths.  Although  pegmatites  having 
gross  compositions  similar  to  other  rock  types  are  known, 
their  composition  is  that  of  granite;  the  composition  may 
be  simple  or  complex  and  may  include  rare  minerals  ricn 
in  such  elements  as  lithium,  boron,  flourine,  niobium, 
tantalum,  uranium,  and  rare  earths.  Pegmatites  represent 
the  last  and  most  hydrous  portion  of  a  magma  to  crystallize 
and  hence  contain  high  concentrations  of  minerals  present 
only  in  trace  amount  in  granitic  rocks. 

The  large  number  of  pegmatites  now  exposed  in  the  south¬ 
ern  Black  Hills  indicate  an  episode  of  extensive  roof-rock 
fracturing  and  faulting  which  was  probably  caused  by  upward 
moving  magmas.  The  petrologic  relationships  within  the  re¬ 
sulting  dike  swarms,  as  well  as  within  the  Harney  Peak 
Granite  stock  itself,  indicate  that  the  magma  source  for  both 
the  stock  and  dikes  was  tapped  during  the  same  interval  of 
fractional  crystallization,  i.e.,  after  the  formation  of  perthitic- 
microline  cumulates  (Orville,  1960).  The  chemical  composi¬ 


tion  of  the  pegmatites  indicate  crystallization  from  a  magma 
with  a  content  of  about  74  percent  SiOa,  15  percent  AI2O3, 
4.5  percent  Na20,  and  3.5  percent  K2O,  with  about  0.4  to 
0.7  percent  H2O,  and  with  about  2.0  percent  combined 
Fe203,  FeO,  CaO,  and  MgO  (Orville,  1960,  p.  1485). 
Ranges  in  the  internal  structures  and  in  the  size  and  compo¬ 
sition  of  the  associated  mineral  assemblages  of  the  pegmatites 
suggest  local  differences  in  the  deep-seated  tectonic  environ¬ 
ments  during  crystallization.  Evidence  of  other  late-stage  so¬ 
lution  and/or  vapor  magma  phases  include:  replacement 
bodies;  fracture  fillings;  greater  than  normal  concentrations  of 
lithium-,  beryllium-,  tin-,  and  tantalum-bearing  minerals;  hy¬ 
drothermal  alteration;  and  sulfide  minerals.  Postcrystalliza¬ 
tion  fracturing,  erosion,  and  weathering  can  be  observed  in 
natural  exposures  and  in  the  walls  of  the  numerous  mines 
and  exploration  workings  of  the  districf. 

Pegmatite  Types 

A  number  of  different  types  of  pegmatite  bodies,  of  vary¬ 
ing  sizes  and  shapes,  occur  within  the  southern  Black  Hills 
(Fig.  2).  Each  body  is  at  least  partially  zoned  and  layered. 
Commonly,  each  has  a  relatively  narrow  border  zone  that 
contains  country-rock  xenoliths  and  interior  portions  that  are 
essentially  homogeneous  masses  or  are  distinctively  zoned 
about  a  central  core.  We  will  describe,  in  detail,  the  latter  or 
zoned  type  that  form  less  than  one  percent  (Norton  and 
others,  1964)  of  the  pegmatite  bodies  of  the  district,  but 
which  have  yielded  most  of  the  economic  minerals. 

Zoned  Pegmatites 

Zoned  pegmatites  are  ordinarily  composed  of  plagioclase, 
potash  feldspar,  and  quartz  in  various  combinations.  They 
are  segregated  from  the  host  rock  contact  inward  into  border, 
wall,  intermediate,  and  core  zones  (Cameron  and  others, 
1949,  and  Fig.  2).  A  number  of  xenoliths  may  be  incorpo¬ 
rated  into  the  pegmatite  body  (Fig.  3).  These  bodies  range 
from  10  to  1,000  feet  (3.0  to  305  m)  in  width  and  from  a  few 
feet  to  a  mile  (1.6  km)  in  length. 

Border  zones  are  essentially  fine-grained  selvages  a  few 
inches  thick,  but  rarely  are  as  much  as  18  inches  (46  cms) 
thick  (Page  and  others,  1953,  p.  14).  They  consist  of  quartz, 
plagioclase  (albite),  and  muscovite,  are  fine-  to  coarse¬ 
grained,  and  are  porphyritic  in  texture.  Granulites  and  struc¬ 
tural  contortions,  probably  formed  during  injection  of  the 
magma,  occur  in  the  country  rocks  adjacent  to  the  pegma¬ 
tites. 

Wall  zones  are  generally  gradational  between  the  border 
and  the  intermediate  or  core  zone.  They  range  in  thickness 
from  a  few  inches  to  several  feet,  have  grain-sized  range, 
textural,  and  petrologic  characteristics  similar  to  those  of  the 
border  zones,  and  consist  of  quartz,  albite,  and  muscovite. 
Sub-economic  mica  deposits  occur  in  the  wall  zones  of  some 
pegmatites. 

Intermediate  zones  are  generally  gradational  with  the  wall 
and/or  core  zones  (Fig.  3).  Normally  they  vary  from  a  few 
inches  to  several  tens  of  feet  in  thickness,  are  coarse-  to  very 
coarse-grained  and  porphyritic,  and  are  composed  of  quartz 
and  albite  (cleavelandite)  with  or  without  perthitic  micro- 
cline,  muscovite,  spodumene,  and  amblygonite.  However, 
many  intermediate  zones  may  consist  of  several  subzones  as 
typified  by  the  Etta  Pegmatite  (Fig.  4).  Economic  potash 
feldspar  (perthitic  microcline)  occurs  most  commonly  within 
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Figure  2  Vertical  section  of  Hot  Shot  pegmatite,  Custer  County,  South  Dakota. 
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intermediate  zones  in  the  upper  parts  of  zoned  pegmatites. 
Also,  sub-economie  quantities  of  beryl  and  tantalum-colum- 
bite,  as  well  as  lithium  minerals,  are  confined  mostly  to 
intermediate  zones. 

Core  zones  are  generally  lensoid  in  shape,  but  are  also 
tear-shaped  to  ovoid  (Figs.  2,  3,  and  4)  and  are  either  con¬ 
tinuous  or  occur  as  a  series  of  isolated  bodies.  Core  zones, 
which  may  represent  most  of  the  exposed  body  (Fig.  3),  are 
composed  almost  entirely  of  massive  quartz  with  or  without 
minor  perthitic  microcline  or  minor  quantities  of  other  min¬ 
erals.  Some  of  the  core  zones  contain  significant  volumes  of 
high-purity  white  quartz  and/or  rose  quartz  and/or  spodu- 
mene. 


Homogeneous  and  Other  Pegmatites 

Homogeneous  pegmatite  bodies  comprise  a  second  and 
much  more  numerous  type  of  pegmatite  in  the  southern 
Black  Hills;  replacement  and  fracture-filling  types  are  of  lim¬ 
ited  extent  and  importance. 

Homogeneous  pegmatites  (Figs.  1  and  5)  are  very  similar 
in  composition  and  texture  to  the  Harney  Peal  Granite  and 
apparently  crystallized  within  P-T  regimens  that  were  consid¬ 
erably  different  from  that  of  the  zoned  pegmatites  (Orville 
1960,  p.  1485).  Homogeneous  pegmatites  range  in  width 
from  2  to  25  feet  (0.6  to  7.3  m),  are  as  much  as  750  feet  (229 
m)  long,  and  are  commonly  segregated  into  two  or  more 
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Figure  3  Geologic  map  of  Helen  beryl  claim,  Custer  County,  South  Dakota. 
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layers  (Fig.  6).  Fine-grained  layers  consist  of  quartz,  perthitic 
microcline,  muscovite,  and  albite  with  lesser  amounts  of 
biotite,  tourmaline,  apatite  and  garnet;  accessory  minerals 
are  beryl,  cassiterite,  magnetite,  apatite,  and  various  sul¬ 
phide  minerals.  Coarse-grained  members  consist  dominantly 
of  porphyritic,  blocky,  graphic  granite;  some  coarse-grained 
members  contain  quartzperthitic  microcline,  quartz-mus¬ 
covite,  and  other  segregations  (Fig.  6).  Orville  (1960,  p. 
1485)  estimates  the  homogeneous  pegmatites  in  the  southern 
Black  Hills  to  have  a  modal  composition  of  about  28  percent 
quartz,  43  percent  plagioclase  (An  0-6),  16  percent  micro¬ 
cline,  and  3  to  11  percent  muscovite,  with  lesser  amounts  of 


tourmaline,  garnet  and  apatite.  Minerals  produced  from  ho¬ 
mogeneous  pegmatites  include  quartz  and  mica. 

RESERVE  DETERMINATION 

As  noted  earlier,  several  surges  of  mineral  market  develop¬ 
ment  and  decline  have  occurred  during  the  history  of  the 
southern  Black  Hills  pegmatite  district.  Potash  feldspar, 
mica,  and  quartz  have  been  produced  more  or  less  steadily 
whereas  sheet  mica  and  beryllium-  lithium-,  tin-,  and  tanta¬ 
lum-bearing  minerals  have  been  produced  during  relatively 
short  time  intervals.  In  recent  years  a  general  overall  decline 
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in  mineral  production  resulted  from  the  high  cost  of  trans¬ 
porting  relatively  low-value  mineral  commodities  from  the 
Black  Hills  to  major  northeast  and  other  distant  consumers. 
However,  the  development  of  high-value,  high-purity,  spe¬ 
cialty  mineral  products  for  the  increasingly  stringent  specifi¬ 
cations  of  the  electronic  and  chemical  industries  has  replaced 
some  of  the  lost  sales. 

Economic  Controls 

Because  of  increasingly  stringent  standards  of  chemical  pu¬ 
rity  for  the  specialty  mineral  products,  it  is  now  necessary  to 
develop  more  sophisticated  procedures  and  techniques  dur¬ 
ing  the  exploration,  the  testing,  the  evaluation,  the  mining 
and  sorting,  and  the  beneficiation  of  the  pegmatite  minerals. 
Accordingly,  there  is  a  general  need  for  increased  capital 


investment.  New  funding  sources  in  particular  commonly 
require  an  evaluation  of  pegmatite  reserves  from  which  the 
mineral  products  are  proposed  to  be  recovered.  Such  reserve 
estimations  should  accurately  depict  the  location,  volume, 
ranges  in  purity,  associated  minerals,  and  other  characteris¬ 
tics  of  the  pegmatite  minerals. 

Economic  Pegmatite  Minerals 

A  description  of  the  currently  produced  pegmatite  min¬ 
erals  follows. 

Potash  Feldspar 

Dry-ground  potash  feldspars  are  the  only  relatively  low- 
value  products  currently  shipped  to  distant  markets  from  the 
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Figure  5  Geologic  map  of  Surprise  mica  mine,  Custer  County,  South  Dakota. 


southern  Black  Hills  district.  These  products  are  used  in  the 
manufacture  of  sanitary  whiteware,  porcelain  electrical  insu¬ 
lators,  ceramic  tile,  fillers  and  extenders,  and  a  number  of 
other  products.  Potash  feldspar  from  the  district  was  used  in 
the  production  of  color-television  glass,  but  this  market  is 
now  supplied  by  a  potash  feldspar  product  beneficiated  by 
flotation  and  sizing  of  ore  from  southeastern  U.S.A.  pegma¬ 
tites.  Mine-run  ore  commonly  contains  varying  amounts  of 
graphic  granite  or  ‘‘ribbon  spar”  with  the  perthitic  micro- 
cline. 

Most  of  the  potash  feldspar  that  is  mined  varies  from 
grayish-orange  pink  to  pinkish-gray.  Crystals  are  generally 
0.25  to  1.0  inches  long  (0.6  to  2.5  cm),  but  grains  as  long  as 
29.5  feet  (9  m)  have  been  reported  (Page  and  others,  1953). 
White  to  very  light  gray  albite  commonly  occurs  as  laminae 
0.05  to  0.7  mm  wide  and  as  much  as  5.0  mm  long.  Within 
the  microcline  crystals,  according  to  Norton  and  others 


(1964,  p.  310),  the  perthitic  microcline  normally  consists  of 
molecular  proportions  of  about  25  percent  NaAlSiaOs  and  75 
percent  KAlSHOs. 

Quartz 

Quartz  is  sold  for  a  variety  of  uses  including  high-purity 
and  abrasive  sands,  specimen-grade  rose  quartz,  and  decora¬ 
tive  quartz  aggregate. 

In  the  production  of  high-purity  sands,  the  quartz  is 
crushed  to  about  6.0  inches  (15  cm).  Aggregates  free  of  ferric 
oxide  concentrations  are  selected  and  then  further  crushed  to 
the  specified  size  ranges.  The  principal  market  for  crushed 
pegmatite  quartz  include  the  specialty  glass  industry,  which 
requires  fine-50  mesh  (0.0117  inch,  300  mm)-sizes  with  im¬ 
purity  levels  lower  than  are  available  from  normal,  pit-run  or 
flotation-grade  quartz  sand  and  quartzite.  Several  grades  of 
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Figure  6  Vertical  section  of  layered  units,  homogeneous  pegmatite,  southern  Black  Hills,  South 
Dakota. 
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Figure  7  Classification  of  mineral  resources. 


specialty  sand  are  now  being  marketed,  with  iron  oxide 
levels  (as  Fe20s)  that  range  down  to  a  few  parts  per  million. 
These  high-purity-quartz  markets  have  been  developed  dur¬ 
ing  the  past  decade  (U.S.  Geological  Survey,  1975). 

The  various  quartz  products  in  the  southern  Black  Hills 
district  are  mined  from  the  cores  of  zoned  pegmatites  or 
from  homogeneous  quartz  pegmatites.  Quartz  from  these  de¬ 


posits  is  generally  homogeneous  and  white,  very  light  gray, 
or  pink  in  color;  in  some  deposits  the  pink  hue,  which  is 
caused  by  widely  scattered,  fine-sized  particles  of  iron  oxide 
is  sufficiently  saturated  for  the  pink-tinted  quartz  to  be  classi¬ 
fied  as  rose  quartz.  Hydrated  ferric  oxides  that  coat  near¬ 
surface  fractures  comprise  the  principal  contaminant  in  the 
deposits. 
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Mica 

Scrap  muscovite  is  used  as  fillers,  coatings,  and  pigment 
extenders  in  ceramics,  as  dielectric  fillers  for  electronic  cir¬ 
cuit  boards,  and  for  many  other  small-volume  uses.  It  is 
selectively  mined  in  conjunction  with  potash  feldspar  and 
quartz  and  is  milled  and  graded  to  the  precise  size  specifica¬ 
tions  of  customers. 

Gem  Minerals 

Roberts  and  Rapp  (1965)  give  the  location,  mineralogic 
associations,  size,  purity,  and,  for  some  the  production  his¬ 
tory  of  gem  and  specimen  minerals  of  the  district. 

Mining,  Sorting  and  Beneficiation 

Currently,  pegmatite  mining  in  the  southern  Rlack  Hills 
district  is  done  with  trackless  equipment  and  mostly  from 
open  pits.  The  few  underground  operations  have  either  adit 
or  inclined  tunnel  entrances.  In  the  past  most  of  the  produc¬ 
tion  was  from  open  pits.  However,  high-value  minerals  were 
recovered  from  some  small  underground  mines. 

Potash  feldspar,  quartz,  and  muscovite-rich  rocks  are 
mined  selectively.  Size  separation  of  mine-run  ore  is  per¬ 
formed  at  the  mine  site  by  use  of  coarse  grizzly  screens, 
usually  with  six-inch  (15  cm)  openings. 

The  coarse-sized,  mine-sorted  ore  is  transported  to  benefi¬ 
ciation  plants  where  it  is  sized  to  product  specification  by  dry 
grinding  and  screening  processes. 

At  least  once,  an  attempt  was  made  to  mine  those  parts  of 
a  pegmatite  that  contained  a  number  of  economic  pegmatite 
minerals.  The  crude  pegmatite  was  crushed  and  segregated 
into  several  mineral  product  concentrates  by  a  series  of 
crushing,  gravity-  and  magnetic-separation,  sizing,  and  froth- 
floatation  beneficiation  techniques.  Although  a  technological 
success,  the  venture  was  a  financial  failure. 

Reserve  Calculations 

During  the  early  history  of  the  district  and  until  World 
War  II,  ore  reserves  were  estimated  by  miners  who  were 
intimately  familiar  with  the  surface  and  subsurface  distribu¬ 
tion  of  various  pegmatite  ore  bodies.  Today,  however,  the 
geologic  data  base  is  commonly  sufficiently  detailed  that  it 
can  be  used  to  advantage  to  supplement  the  knowledge  of 
the  miners  in  exploring,  measuring,  testing,  and  evaluating 
reserves. 

We  will  follow  the  classification  of  the  U.S.  Bureau  of 
Mines  and  the  U.S.  Geologic  Survey  (1976)  (Fig.  7)  to  de¬ 
scribe  the  identified  economic  pegmatite  mineral  reserves. 

Application  of  Geologic  and  Economic 
Controls 

As  was  discussed  above,  a  considerable  amount  of  data  is 
available  on  the  geologic  setting  and  three-dimensional  con¬ 
formation  of  the  pegmatite  bodies.  Detailed  data  has  been 
developed  on  the  thickness,  shape,  extent,  and  mineralogic 
assemblages  of  the  various  zones  of  many  pegmatite  bodies. 

To  illustrate  the  variety  of  ore  bodies  that  occur,  as  well  as 
the  economic  restraints  on  their  use  we  will  discuss  four 
previously  described  pegmatite  deposits. 


Hot  Shot  Pegmatite 

The  Hot  Shot  pegmatite,  as  described  by  Norton  and 
others  (1960,  p.  322-326),  located  about  three  miles  south¬ 
east  of  Custer  (Figs.  1  and  2),  contains  sub-economic  deposits 
of  potash  feldspar,  mica,  and  spodumene. 

Analyses  of  samples  from  drill  cores  and  underground 
workings  indicate  that  the  pegmatite  body  consists  of  five 
distinct  symmetrical  zones  and  a  quartz-spodumene-albite 
core.  Most  of  the  body  consists  of  perthitic  microcline, 
quartz,  and  albite  with  65  percent  content  of  potassic  feld¬ 
spar;  the  upper  approximately  30  feet  of  the  body  is  almost 
entirely  of  potash  feldspar.  However,  there  are  insufficient 
data  at  present  to  determine  the  lateral  extent  of  this  zone. 
Ruby,  air-stained  muscovite  has  been  described  as  occurring 
in  books  up  to  12  x  10  x  4-inch  in  concentrations  of  about  7 
percent  in  the  1-  to  8-foot-thick  wall  zone.  Spodumene  crys¬ 
tals  to  6  feet  in  length  occur  in  the  quartz  and  albite  matrix 
of  the  core  zone.  However,  that  part  of  the  body  is  greater 
than  75  feet  below  the  land  surface  and  is  of  limited  tonnage. 

Helen  Beryl  Claim 

The  Helen  Beryl  Claim,  about  4  miles  southwest  of  Custer 
(Figs.  1  and  3),  is  described  by  Page  and  others  (1953,  p. 
128-130)  as  an  oval,  30-  by  250-foot  pegmatite  composed 
almost  completely  of  two  rock  types — albite  and  quartz,  and 
perthitic  microcline  and  quartz.  Results  of  an  extensive  sam¬ 
pling  program  indicate  that  beryl  is  widely  disseminated  in 
three  modes  within  the  albite-quartz  pegmatite:  (1)  irregular 
anhedral  aggregates  in  finer-grained  granite  lithologies;  (2) 
shells  around  cores  of  albite,  perthitic  microcline,  tourma¬ 
line,  and  muscovite  in  mica-rich  lithologies,  and  (3)  euhedral 
crystals  to  8  inches  in  length  in  mica-poor  lithologies.  Anal¬ 
ysis  of  assays  indicate  a  grade  in  the  albite-quartz  pegmatite 
bodies  of  about  1.2  percent  beryl  or  0.12  percent  BeO. 

Etta  Pegmatite 

The  Etta,  located  near  Keystone  (Figs.  1  and  4),  is  the 
most  widely  known  of  the  Black  Hill  s  pegmatites.  It  was 
mined  for  tin  for  a  short  period  of  time,  for  spodumene  for 
62  years,  and  most  recently  for  high-purity  quartz. 

This  inverted  tear-shaped  pegmatite  body  has  a  surface 
exposure  of  about  150  by  250  feet  and  extends,  with  some 
diminishing  in  size  and  changes  in  rock  type,  to  about  200 
feet  in  depth.  Spodumene  contents  of  about  25  percent  were 
recovered  from  two  particular  lithologies  within  the  interme¬ 
diate  zone.  One  has  a  matrix  mineral  assemblage  of  quartz 
and  cleavelandite  and  the  other  is  almost  wholly  of  quartz. 
Spodumene  crystals  up  to  47  feet  in  length  were  uncovered 
during  mining.  The  massive,  homogeneous  quartz  core  zone, 
which  contains  very  minor  quantities  of  accessory  minerals,  is 
confined  to  a  limited  portion  of  the  body. 

Surprise  Mica  Mine 

The  Surprise  Mica  Mine,  located  about  0.5  miles  north  of 
Custer  (Figs.  1  and  5),  consists  of  a  series  of  1-  to  20-foot 
wide,  concordant,  sill-like  bodies  of  perthitic  microcline,  al¬ 
bite,  quartz,  and  muscovite. 

Sub-economic  reserves  of  ruby  muscovite  in  8  x  4  x  2-inch 
books,  highly  iron  stained  in  near-surface  portions,  comprise 
about  0.5  percent  of  the  body. 
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Reserve  Computation 

We  suggest  that  the  accuracy  of  a  reserve  estimate  is 
determinedly  good  control  of  ore  concentration  data.  To  esti¬ 
mate  the  volume  and  grade  of  the  pegmatite  mineral  re¬ 
serves,  it  is  necessary  to  accurately  depict,  preferably  on 
three-dimensional  representations,  all  available  data  for  each 
ore  body  as  to  thickness  and  concentrations  of  potentially 
economic  and  associated  minerals. 

If  preliminary  estimates  of  volume  and  grade  indicate  the 
presence  of  inferred  economic  reserves,  these  initial  findings 
should,  at  that  point,  be  supplemented  by  a  detailed  sam¬ 
pling  and  testing  program.  This  program  should  include:  (1) 
drilling  and  sample  collection;  (2)  detailed  estimates  of  the 
volume  or  tonnages  of  the  recoverable  mineral  products  com¬ 
puted  by  the  application  of  tested  conversion  and  product 
recoverability  factors;  and  (3)  bench-scaled  physical  and 
chemical  testing  to  determine  if  the  proposed  mineral  prod¬ 
uct  will  in  fact  meet  the  customers’  specifications. 

Classification  as  to  whether  the  reserves  are  of  the  indica¬ 
ted  or  measured  ore  categories  depend  upon  what  is  judged 
as  adequate  spacing  of  geologic  controls  and  analytical  tests. 


SUMMARY  AND  CONCLUSIONS 

Thousands  of  granitic  pegmatites  associated  with  and  loca¬ 
ted  mostly  within  metamorphic  rocks  bordering  the  Harney 
Peak  Granite  stock  contains  reserves  of  a  variety  of  industrial 
minerals.  At  the  present  time  markets  exist  only  for  potash 
feldspar,  high-purity  quartz,  and  scrap  mica.  In  the  past, 
however,  sheet  mica  and  lithium-,  beryllium-,  tantalum-,  and 
tin-bearing  minerals  were  produced. 

Field  and  laboratory  findings  indicate  that  commonly  used 
mathematical  and  statistical  techniques  are  not  useful  in  esti¬ 
mating  reserves,  but  that  data  on  the  genesis  of  the  zoned 
and  homogeneous  pegmatites  can  be  advantageously  used  in 
the  exploration,  sampling,  testing,  and  estimation  of  re¬ 
serves.  Information  on  the  thickness,  extent,  mineralogic  as¬ 
semblage,  and  concentration  of  economic  minerals  within  a 
well-exposed-ore  body  can  be  used  to  predict,  with  reason¬ 
able  accuracy,  inferred  and  occasionally  indicated  reserves. 
However,  predicting  measured  (proven)  reserves  requires  a 
considerable  amount  of  detailed  geologic  and  testing  informa¬ 
tion. 
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RECONNAISSANCE  INVESTIGATION  OF  HIGH-CALCIUM  MARBLE  IN 
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ABSTRACT 

Th  ree  belts  of  marble  in  the  Grenville  Series  were  mapped 
in  the  Beaver  Creek  drainage  basin,  St.  Lawrence  County, 
New  York.  One  of  these  consists  of  coarsely  crystalline,  pure, 
ealcitic  marble  in  a  zone  at  least  10  km  long  and  0.8  km  wide 
that  is  included  in  an  intensely  folded  marble  terrane.  The 
thickness  of  the  ealcitic  marble  strata  is  not  known,  but  tight 
folds  and  refolds  having  steep  axial  surfaces  imply  at  least 
doubling  of  the  actual  thickness  by  folding.  Detailed  knowl¬ 
edge  of  the  geologic  structures  would  aid  considerably  in 
exploration  and  resource  calculation. 

Analyses  of  this  marble  have  CaCOa  contents  generally 
greater  than  95  percent  and  only  minor  amounts  of  MgO  and 
Fe203.  Calculation  of  CaCC>3  from  analyses  is  complicated  by 
the  presence  of  Ca-  and  Mg-bearing  accessory  silicates. 
Chemically,  the  marble  is  favorable  for  specialized  chemical, 
industrial,  and  metallurgical  uses  as  well  as  for  cement  and 
agricultural  limestone.  Another  favorable  feature  of  the  de¬ 
posit  is  its  proximity  to  inexpensive  water  transportation  on 
the  St.  Lawrence  Seaway,  only  17  miles  (27.5  km)  away  by 
road  and  railroad. 

Marble  in  the  other  two  belts  is  not  as  consistent  in  com¬ 
position,  but  one  also  locally  contains  high-calcium  rock  and 
both  are  complexly  folded. 

INTRODUCTION 

Metasedimentary  rocks  of  the  Grenville  Series  in  the  St. 
Lawrence  lowlands  northwest  of  the  Adirondack  Mountains 
include  much  marble  that  is  potentially  a  resource  of  high- 
purity  carbonate  rock.  Some  of  these  marble  units  have  been 
described  by  Newland  (1916),  Cushing  and  Newland  (1925), 
Buddington  (1934),  Brown  and  Engel  (1956),  Prucha  (1953) 


1  High-calcium  limestone  is  a  rock  having  95  percent  CaCC>3  content 
or  greater,  and  those  with  greater  than  97  percent  CaCC>3  are 
called  ultra-high  calcium  limestone  (Carr  and  Rooney,  1975).  High- 
purity  carbonate  rock  contains  more  than  95  percent  combined 
CaCC>3  and  MgCOs,  and  high-magnesium  dolomite  has  more  than 
43  percent  MgCC>3.  A  few  uses  of  high-calcium  limestones  are  for 
blast  furnace  and  open  hearth  flux,  and  in  the  manufacture  of 
glass,  cement,  alkalis,  and  alumina  (Lamar  and  Willman,  1938). 
Other  chemical  specifications  for  these  special  uses  are  as  impor¬ 
tant  as  the  carbonate  content.  For  instance,  high  calcium  lime¬ 
stone  used  in  the  manufacture  of  alumina  must  have  less  than  0.5 
percent  sulfur  and  phosphorus.  Limestone  used  in  the  manufac¬ 
ture  of  glass  must  have  a  uniform  high-carbonate  content  and 
contain  less  than  0.1  percent  Fe203.  Cement  manufacture  and 
most  flux  uses  require  less  than  3  percent  MgC03  in  the  raw 
material.  Another  important  use  of  pure  limestone  is  as  a  white 
filler  in  a  variety  of  manufactured  products  such  as  paint,  rubber, 
flooring,  plastics,  and  paper.  The  principal  requirements  for  use  as 
a  filler  are  high  whiteness  and  ease  of  grinding  to  a  fine,  soft 
powder. 


and  Brown  (1969).  Many  of  the  marble  units  are  dolomite  or 
are  impure,  containing  abundant  silicate  minerals  or  quartz, 
and  locally  thin,  disrupted  layers  of  rusty,  biotitic  gneiss, 
quartzo-feldspathic  rocks,  and  quartzite.  Some  units,  how¬ 
ever,  are  high-purity  carbonate  rocks.  Unfortunately,  the  stu¬ 
dies  of  these  units  have  given  no  attention  to  their  potential 
as  sources  of  high-calcium  limestone.1  Only  a  few  chemical 
analyses  of  the  marbles  have  been  published  (Newland,  1916, 
p.  186;  Buddington,  1934,  p.  219),  and  these  are  of  uncertain 
areal  significance. 

Some  local  marbles  have  been  used  in  the  past  mainly  for 
construction  purposes.  Quarries  a  short  distance  south  of 
Gouverneur,  N.  Y.  (Fig.  1,  2)  were  operated  in  the  1880’s 
and  early  1900’s  for  marble  dimension  stone  (Newland, 
1916).  Buildings,  monuments,  and  sidewalks  made  from  this 
light-gray  marble  are  seen  throughout  the  region.  Marble  for 
lime-burning,  crushed  stone,  and  furnace  flux  was  produced 
in  the  past  from  quarries  near  Riehville  (Cushing  and 
Newland,  1925).  However,  for  the  past  30  to  40  years  marble 
has  been  produced  only  for  crushed  stone  and  agricultural 
limestone  mainly  from  a  quarry  within  the  southern  limits  of 
the  village  of  Gouverneur,  and  at  the  present  time  also  from 
a  quarry  north  of  Gouverneur  where  an  additional  product — 
bagged,  white,  dolomitic,  marble  chips  for  landscaping  pur¬ 
poses — is  also  produced.  Except  for  the  latter,  these  uses  of 
limestone  require  the  supply  to  be  close  to  the  market  be¬ 
cause  of  transportation  costs.  Consequently,  because  only  a 
small  local  market  exists,  the  vast  resource  of  carbonate  rocks 
here  is  underutilized. 

This  study  is  a  by-product  of  detailed  geologic  mapping 
done  by  the  author  from  1967  to  1971  of  an  area  north  of 
Gouverneur.  Preliminary  results  are  published  as  a  U.S. 


Figure  1 


Index  map  of  St.  Lawrence  County,  N.Y. 
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Geological  Circular  (Brown,  1978).  Three  major  belts  of  mar¬ 
ble  were  mapped  in  the  Beaver  Creek  drainage  basin  (Fig. 
3)  one  of  which  appeared  to  be  essentially  pure  calcitic  mar¬ 
ble  and  the  other  two  locally  appeared  to  contain  some  high- 
purity  calcitic  marble.  Chemical  analysis  of  grab  samples 
indicated  that  some  of  these  marbles  do  have  unusually  high 
CaCC>3  content.  Additional  sampling,  however,  was  needed 
to  evaluate  the  rock  as  a  high-calcium  limestone  resource.  In 
1975  the  author,  asisted  by  Harold  Hubbard  and  Ken  Books 


10  15  20  MILES 

J I  I 


i — n — r 

VO  5  10  15  20  25  KILOMETERS 


of  the  U.S.  Geological  Survey,  sampled  marble  at  two  locali¬ 
ties  with  a  portable  core-drill.  Analyses  of  these  samples 
prove  that  one  extensive  belt  of  pure  calcitic  marble  west  of 


Figure  2  Abandoned  marble  quarry  of  the  St.  Lawrence  Marble  Company.  One  of  about  10 
operated  south  of  Gouverneur,  N.Y.  in  late  1800  s  and  early  1900’ s  (see  Newland,  1916, 
pi.  26,  for  1912  view). 
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EXPLANATION 


Area  underlain  by  pure  coarse-grained  calcitic  marble 

Area  underlain  by  a  sequence  of  calcitic  to  dolomitic, 
marble  that  is  commonly  quartz-rich  or  silicated. 
Area  includes  much  gneissic  granite 


Area  underlain  mainly  by  massive  bluish-gray  calcitic 
marble  (slightly  magnesian) 

Sample  location.  Number  identifies  sample  in  table  1 
^  Hematite  pits 
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Figure  4  Intercalated  marble,  carbonate-silicate  gneiss,  and  thin  quartzite  layers  that  are  dis¬ 
rupted  by  differential  flowage.  Outcrop  is  along  southeast  side  of  Marble  A.  3  kilome¬ 
ters  northeast  of  Pierces  Comer. 


Figure  5  Pavement  outcrops  of  high-calcium  marble  of  Unit  A  in  foreground  and  right  side  of 
view  at  sample  location  1  (Fig.  3). 


Beaver  Creek  contains  rock  that  chemically  qualifies  for  spe¬ 
cialized  industrial  uses.  A  less  extensive  deposit  of  similar 
rock  lies  east  of  Beaver  Creek  (Fig.  3). 

As  this  investigation  was  only  reconnaissance  in  scope,  no 
attempt  was  made  to  evaluate  the  vast  marble  areas  else¬ 
where  in  the  St.  Lawrence  lowlands  for  high-calcium  marble. 

DESCRIPTION  OF  MARBLE  BELTS  IN 
THE  BEAVER  CREEK  DRAINAGE  BASIN 
MARBLE  OF  UNIT  A 

The  marble  of  unit  A  occurs  in  a  linear  belt  (Fig.  3)  more 
than  10  kilometers  long  and  as  much  as  0.8  kilometers  wide 
that  occupies  the  central  position  in  a  long  northeast-tapering 
structural  unit  between  the  Pleasant  Lake  Fault  on  the 
northwest  and  Beaver  Creek  to  the  southeast.  The  belt  of 
pure  marble  is  surrounded  by  impure  carbonate  rocks  that 
contain  numerous  rusty-weathering  biotite  gneiss  and  quartz¬ 
ite  layers.  These  thin  layers  are  more  brittle  than  the  enclos¬ 
ing  impure  carbonate  rock  and  are  broken  and  dispersed  by 
differential  tectonic  flowage  (Fig.  4).  Many  of  the  impure 
carbonate-bearing  rocks  are  better  named  “carbonate 
gneisses”  rather  than  “marble.”  Rocks  in  this  zone  are  folded 
and  in  turn  refolded.  The  linear  pattern  of  the  belt  on  Figure 
3  is  an  expression  of  tight,  nearly  isoclinal,  folding  that  has 
produced  a  northeastward  strike  and  dips  that  are  generally 
greater  than  50°  either  to  the  northwest  or  to  the  southeast. 
At  the  sample  sites  shown  on  Figure  3,  the  layering  has  a 
strike  of  N50E  and  dip  of  70°  to  75°  SE.  Thickness  of  the 
unit  is  not  known,  and  the  outcrop  width  probably  repre¬ 
sents  a  multiplication  of  the  width  by  closely  spaced  and 
strongly  attenuated  NE-SW  trending  folds. 


This  narrow  structural  belt  is  characterized  by  low,  linear 
strike  ridges.  The  purer  carbonate  rocks  occupy  the  valleys, 
and  the  main  belt  of  marble  A  forms  a  wide  flat  valley  less 
than  500  meters  southeast  of  Old  State  Road  except  close  to 
Mud  Lake  where  the  road  diverges  from  the  valley.  Marble 
unit  A  has  fewer  outcrops  than  the  surrounding  impure 
ridge-forrning  rocks  but  protrudes  through  the  valley  fill  as 
large  areas  of  pavement  outcrops  at  enough  places  to  verify 
its  presence  (Fig.  5)  (Brown,  1978,  Figs.  3  and  4). 

Lithologically  unit  A  consists  of  coarsely  crystalline  marble 
in  which  calcite  grains  are  as  much  as  2.5  cm  across  and 
average  about  1.5  cm.  The  rock  has  the  textural  appearance 
of  rock  candy  or  very  coarse  rock  salt  (Fig.  6)  and  locally 
shows  flow  banding  that  is  accented  by  finer  grain  size, 
graphite  specks,  and  other  fine-grained  accessory  minerals. 

MARBLE  OF  UNITS  B  AND  C 

The  geologic  structure  of  the  area  between  Beaver  Creek 
and  the  South  Branch  of  Beaver  Creek  (Fig.  3),  including 
marble  units  B  and  C,  is  a  southeastwardly  recumbent  anti¬ 
form.  Marble  unit  C  is  the  structurally  lowest  unit  and  occu¬ 
pies  the  axial  part  of  the  fold.  Unit  B  lies  above  C  and  is 
mainly  exposed  in  the  upper  limb  of  the  recumbent  antiform 
because  the  lower  limb  is  faulted  and  severely  thinned.  The 
dip  of  the  axial  plane  of  the  fold  ranges  from  moderately 
northwestward  in  the  northeast  part  of  the  area  to  nearly 
horizontal  near  North  Gouverneur. 

Unit  B  consists  of  pure  to  impure  calcitic  to  dolomitic 
marble.  The  calcitic  marble  is  coarsely  crystalline  (0.5  to  1 
cm)  and  disintegrates  readily  to  crumbly  calcite  debris  (Fig. 
7).  Zones  of  quartz-rich  calcitic  marble  are  common.  The 
dolomitic  marble  is  gray,  and  contains  thin  discontinuous 


Figure  6  Rock-salt  texture  of  very  coarse  calcitic  marble  of  Unit  A. 
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Figure  7  Outcrop  of  high  calcium  marble  of  Unit  B  at  sample  locality  6  (Fig.  3). 


Figure  8  Outcrops  of  massive,  slightly  magnesian,  calcitic  marble  of  Unit  C  along  Cream  of  the 
Valley  Road,  3  km  southwest  of  sample  site  14  (Fig.  3). 


layers  of  diopside  and  tremolite.  Locally,  the  upper  part  of 
unit  B  is  rich  in  talc  (Brown,  1969).  Many  extensive  lenses  of 
quartz,  plagioclase  gneiss,  and  granitic  gneiss,  also  occur  in 
unit  B.  Although  marble  in  this  unit  sampled  at  localities  5 
to  8  (Fig.  3)  contains  high-calcium  carbonate,  its  most  charac¬ 
teristic  lithology  is  quartz-bearing  or  silicate-rich  marble. 

Marble  from  unit  C,  in  contrast  to  that  of  unit  B,  has 
much  more  uniform  lithology.  It  generally  is  massive,  coarse¬ 
grained,  and  calcitic,  and  contains  accessory  tremolite, 


graphite,  and  phlogopite.  Tremolite  occurs  as  distinct, 
sparse,  randomly  distributed  narrow  prisms  as  much  as  3-cm 
long  that  weather  in  relief  on  the  outcrop.  The  topographic 
expression  of  these  two  marble  units  is  also  different.  Marble 
B  is  generally  dolomitic  and  crumbly  and  underlies  low  areas 
in  which  large  granitic  gneiss  lenses  form  elongate  steep¬ 
sided  hills.  Marble  C,  is  more  massive  and  uniform  and 
forms  gentle-sloped  upland  areas  with  low  local  relief  and 
abundant  outcrops  (Fig.  8). 


102 


DISCUSSION  OF  ANALYTICAL  RESULTS 


Chemical  analyses  of  samples  collected  from  marbles  A  and 
B  in  the  second  phase  of  sampling  (Nos.  3,  4,  6,  7,  8  and 
table  1  and  Fig.  3)  generally  agree  with  the  high  CaCC>3 
content  previously  shown  by  analyses  2  and  5  of  grab  sam¬ 
ples  taken  earlier  from  the  same  localities.  Sample  1,  taken  4 
miles  southwest  of  the  location  of  samples  2,  3,  and  4  (Fig. 
3),  is  almost  identical  to  them  chemically  and  supports  field 
observations  indicating  that  the  marble  in  belt  A  is  of  high 
purity  and  lithologically  similar  throughout  its  extent. 

Although  one  can  infer  from  a  cursory  examination  of  the 
analyses  of  marbles  A  and  B  that  they  are  high-calcium  lime¬ 
stones,  determining  the  actual  CaCOa  content  of  a  marble 
from  its  analysis  is  not  that  simple.  One  method  of  determin¬ 
ing  CaCOa  and  MgC03  from  analyses  of  unmetamorphosed 
limestones  is  to  multiply  the  CaO  and  MgO  content  by  1.79 
and  2.1  respectively.  This  method  assumes  that  everything 
“lost  on  ignition  is  CO2  and  that  the  impurities  are  clay  and 
silica.  However,  the  method  is  not  valid  for  metamorphosed 
limestones  because  the  clay  and  silica  have  combined  with 
CaO  and  MgO  to  form  silicates  such  as  diopside,  tremolite, 
and  phlogopite,  (Table  2)  and  quartz  is  present  only  when 
there  is  not  sufficient  MgO,  AI2O3,  and  K2O  to  form  these 
minerals.  Therefore,  some  CaO  and  MgO  is  in  silicates 
rather  than  carbonate  minerals.  For  marbles  the  approximate 
CaC03  content  can  be  determined  using  a  system  similar  to, 
but  simpler  tnan,  the  calculation  of  normative  mineral  per¬ 
centages  for  an  igneous  rock. 

First,  one  must  determine  what  silicate  minerals  are 
present.  This  can  be  done  petrographieally  or  by  dissolving 
the  carbonate  and  identifying  the  insoluble  minerals,  or  by 
deduction  from  the  chemical  analysis — or  by  a  combination  of 
these.  If  the  analysis  shows  significant  quantities  of  K2O,  and 
AI2O3,  then  phlogopite  is  probably  present.  However,  since 
phlogopite  has  no  calcium,  it  has  no  effect  on  the  amount  of 
CaO  available  for  the  carbonates  and,  therefore,  can  be  ig¬ 
nored  for  the  purpose  of  determining  the  CaCOs  content. 
The  presence  of  calcium-magnesium  silicates,  diopside  or 
tremolite,  does  affect  the  interpretation  of  the  analyses,  and 
the  relative  amounts  of  each  should  be  known  because  diop¬ 
side  is  26  percent  CaO,  whereas  tremolite  is  only  about  14 
percent  CaO.  Because  tremolite  is  hydrous  and  diopside  is 
not,  the  presence  of  significant  water  of  crystallization  in  the 
analysis  is  an  indication  that  the  calc-silicate  phase  is  proba¬ 
bly  tremolite  rather  than  diopside,  although  the  presence  of 
diopside  is  not  precluded.  Samples  1  through  8  all  contain 
water,  and  therefore,  the  calc-silicate  mineral  is  assumed  to 
be  mainly  tremolite.  In  order  to  further  verify  the  noncar¬ 
bonate  mineral  phases  present  in  marble  at  sample  sites  3 
and  5,  a  55-gram  sample  was  dissolved  in  15  percent  HC1. 
The  insoluble  minerals  were  then  identified  microscopically 
and  identifications  were  verified  by  X-ray  diffraction  by  Patri¬ 
cia  Loferski  of  the  U.S.  Geological  Survey.  The  most  com¬ 
mon  minerals  identified  were  tremolite,  phlogopite,  and 
graphite.  Also  present  were  a  few  grains  of  purple  fluorite 
and  a  trace  of  pyrite.  Therefore,  calculations  based  on  the 
suite — tremolite,  dolomite,  calcite — should  give  a  close  ap¬ 
proximation  of  the  CaCC>3  content  for  marble  A. 

One  could  also  calculate  CaCOs  on  the  basis  of  the  suite — 
quartz,  dolomite,  and  calcite — but  since  quartz  was  not 
noted  petrographieally  nor  was  it  found  in  the  test  for  insolu¬ 
ble  minerals  in  marble  A,  it  was  assumed  to  be  essentially 
absent  in  the  samples.  However,  in  samples  from  marble 


unit  B,  after  removing  tremolite  on  the  basis  of  available 
MgO,  some  Si02  remains.  In  these  samples,  quartz  is  proba¬ 
bly  present.  This  is  consistent  with  field  observations  of  more 
quartz  in  the  calcitic  marbles  of  unit  B  than  in  unit  A. 

Table  3  lists  the  calculated  CaC03  contents  for  samples  1 
through  8;  samples  9  through  14  were  not  calculated,  be¬ 
cause  they  are  obviously  not  high-calcium  limestones.  Note 
that  after  determining  the  calcite  from  CaO  that  remained 
after  satisfying  the  formula  for  tremolite  and  dolomite  in 
order  to  consume  Si02  and  MgO,  there  is  a  deficiency  of 
CO2  in  the  analyses  of  some  samples.  Where  a  deficiency  of 
CO2  exists,  CaC03  can  be  determined  on  the  basis  of  CO2 
left  after  accounting  for  dolomite  from  MgO  remaining  after 
the  percentage  of  tremolite  is  determined.  Thus,  two  figures 
for  total  CaCOs  are  obtained  which*  can  be  used  as  maximum 
and  minimum  values  for  CaCO3  for  each  sample.  Despite  the 
irregularities  inherent  in  this  method  of  approximation,  the 
minimum  total  CaC03  for  most  samples  here  is  95  percent  or 
greater,  which  qualifies  them  as  high-calcium  limestones. 

Marble,  particularly  from  unit  A  and  some  from  B,  appears 
suitable  for  specialized  applications  requiring  a  high  CaC03 
content  and  the  low  MgO,  Fe203,  and  P2O5  contents  greatly 
enhance  its  value  for  a  variety  of  industrial  uses,  including 
glass  manufacture.  Samples  of  the  high-calcium  marble  from 
unit  A  were  also  pulverized  to  determine  whiteness  and 
possible  use  as  a  mineral  filler.  Results  were  unfavorable 
because  the  finely  ground  material  proved  to  be  slightly  off- 
white  owing  to  the  accessory  graphite.  Unless  the  graphite  is 
removed,  the  rock  apparently  is  not  suitable  for  use  as  a 
white  filler.  It  was  also  noticed  that  the  coarsely  crystalline 
character  of  the  marble  made  grinding  to  a  soft  powder 
difficult  because  each  particle  is  a  tiny  calcite  cleavage 
rhomb. 

The  rock  sampled  from  marble  B  at  the  northeast  part  of 
the  area  shown  on  Figure  3  (samples  5  through  8,  Table  1)  is 
also  a  high-calcium  rock,  but  represents  a  smaller  surface 
area  and  therefore,  is  a  smaller  potential  resource  than  mar¬ 
ble  A.  Marble  unit  B,  sampled  elsewhere,  is  more  dolomitic 
and  typically  the  unit  contains  a  great  range  of  marble  com¬ 
positions  from  calcitic  or  dolomitic  (sample  9)  to  quartz-  and 
silicate-rich  (sample  12).  Marble  B,  represented  by  samples 
10  and  11,  might  be  chemically  acceptable  for  some  high- 
calcium  uses  such  as  in  the  manufacture  of  cement.  How¬ 
ever,  the  highly  variable  composition  of  marble  in  this  belt 
stands  against  its  use  because  of  the  difficulty  of  proving  a 
large  tonnage  of  uniform  composition. 

The  marble  in  belt  C  is  more  uniform  in  composition  than 
marble  B  and  contains  minor  quantities  of  silicates.  Samples 
13  and  14  show  it  to  be  nearly  pure,  slightly  magnesian 
marble. 

Marbles  A  and  B  are  potentially  useful  as  a  raw  material 
for  cement  manufacture.  However,  their  purity  requires  the 
addition  of  alumina  and  Fe2C>3  that  are  locally  available  as 
clay  and  iron  ore.  In  this  area  most  valleys  are  filled  by 
postglacial  lacustrine  sediments,  chiefly  sticky  gray  clay, 
which  is  known  to  be  as  much  as  15  m  thick  where  drilled  in 
nearby  valleys.  This  clay  is  a  potential  source  of  the  alumina. 
The  required  Fe203  is  available  from  an  iron-mineralized 
zone  close  to  an  outlier  of  Potsdam  Sandstone  a  short  dis¬ 
tance  to  the  north  (Fig.  3)  or  from  other  nearby  iron  mines 
such  as  at  Star  Lake,  N.Y.  where  there  is  a  large  source  of 
Fe203  as  martite. 
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CONCLUSIONS 


A  potentially  large  volume  of  high-calcium  marble  lies  west 
of  Beaver  Creek.  According  to  reconnaissance  sampling,  it 
contains  greater  than  95  percent  CaCC>3  and  is  low  in  MgO, 
Fe2C>3,  and  P2O5,  and  thus,  is  suitable  as  a  raw  material  for  a 
variety  of  chemical  and  metallurgical  uses.  The  deposit  is 
only  27.5  kms  by  road  or  railroad  from  port  facilities  at 
Ogdensburg  (Fig.  1)  on  the  St.  Lawrence  Seaway  that  can 
supply  inexpensive  bulk  transportation  to  markets  along  the 
Great  Lakes,  the  St.  Lawrence  River,  and  the  east  coast  of 
North  America. 

A  marble  belt  east  of  Beaver  Creek  also  contains  some 
high-calcium  marble,  but  is  more  variable  in  composition  and 
lithology  than  is  the  rock  of  the  belt  west  of  Beaver  Creek. 
In  the  great  expanse  of  marble  in  the  St.  Lawrence  lowlands 
other  high-purity  carbonate  rocks  probably  exist,  but  no  at¬ 
tempt  was  made  in  this  study  to  evaluate  the  regional  poten¬ 
tial  for  high-calcium  marble. 
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Table  2 

Common  silicate  minerals  in  marble 

CaO  MgO  Si02  AI2O3 
(in  weight  percent) 


TREMOLITE 

(Ca2MgsSi8022(0H)2) 

13.8 

24.7 

59.2 

0 

DIOPSIDE 

(CaMgSiaOe) 

25.9 

18.5 

55.5 

0 

PHLOGOPITE 

(K2Mg6Si6Al2O20(OH)4) 

0 

28.8 

43.3 

9.0 
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Table  3 


Calculated  maximum  and  minimum  CaCoa  content  for  marble  units  A  and  B  based  on  the  mineral 

suite — -tremolite,  dolomite,  quartz,  and  calcite 

Conversion  factors  for  determining  mineral  percentages  from  chemical  analyses: 


CaCOa  (Calcite)  =  1.79  X  CaO  Tremolite  ~  1.69  X-Si02 
Ca,Mg(CC>3)2  (Dolomite)  =  4.6  X  MgO  4.05  X  MgO 

MgCoa  =  2.1  x  MgO  7.23  x  CaO 


Diopside  =  1.8  x  Si02 
5.4  x  MgO 
3.86  X  CaO 


Note:  These  determinations  are  limited,  of  course,  by  availability  of  other  oxides  to  satisfy  the  mineral  formula. 

Factors  used  to  determine  oxide  contained  in  known  percentage  of  mineral: 

CO2  =  percent  calcite  CO2  =  percent  dolomite  CaCOa  =  percent  dolomite  CaO 

=  percent  dolomite 

2.27  2.09 

1.84 

3.28 

Calculated  mineral  percentage 

Total  CaCOa 

Sample 

' 

in  calcite 

Deficient  or  surplus 

No. 

Tremolite  Quartz  Dolomite 

Calcite  and  dolomite 

oxides,  in  percent 

l1 

1.67 

0 

2.16 

97.0 

98.2 

0.9  CO2  deficiency 

l2 

1.67 

0 

2.16 

95.0 

96.2 

1. 1  CaO  surplus 

21 

.7 

0 

1.7 

94.5 

95.4 

1.2  CO2  surplus 

22 

.7 

0 

1.7 

97.2 

98.1 

0.9  CaO  deficiency 

31 

.68 

0 

3.22 

96.0 

97.7 

1.0  CO2  deficiency 

32 

.68 

0 

3.22 

93.7 

95.4 

1.7  CaO  surplus 

41 

1.5 

0 

6.1 

95.1 

98.4 

2.2  CO2  deficiency 

42 

1.5 

0 

6.1 

90.1 

93.4 

3.0  CaO  surplus 

51 

3.72 

0 

.9 

92.9 

93.4 

1.2  CO2  surplus 

52 

3.72 

0 

.9 

95.6 

96.1 

1.7  CaO  deficiency 

61 

3.28 

1.9 

0 

97.5 

97.5 

0.5  CO2  surplus 

62 

3.28 

1.9 

0 

96.2 

96.2 

0.7  CaO  surplus 

71 

6.1 

.5 

0 

98.4 

98.4 

4.0  CO2  deficiency 

72 

6.1 

.5 

0 

89.2 

89.2 

5.2  CaO  surplus 

81 

4.9 

2.1 

0 

95.0 

95.0 

2.4  CO2  deficiency 

82 

4.9 

2.1 

0 

89.4 

89.4 

3.2  CaO  surplus 

1  Calcite  calculated  on  basis  of  CaO  available  after  removing  CaO  required  to  form  tremolite  and  dolomite  from  available  Si02  and  MgO. 

2  Calcite  calculated  on  basis  of  CO2  available  after  removing  CO2  required  to  form  dolomite  from  remaining  MgO  after  removing  CaO  and  MgO 
required  to  form  tremolite. 
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GEOLOGICAL  SPECTRUM  OF  GLASS-SAND  DEPOSITS  IN 
EASTERN  CANADA  AND  THEIR  EVALUATION 

E.  Wm.  Heinrich 
University  of  Michigan 


ABSTRACT 

The  glass-sand  deposits  of  southeastern  Canada  cover  a 
wide  spectrum  of  geological  types,  each  of  which  has  particu¬ 
lar  characteristics  that  must  be  considered  in  their  evalua¬ 
tion.  Deposits  range  in  age  from  Precambrian  (Aphebian)  to 
Cretaceous. 

On  the  north  shore  of  Lake  Huron  quartzites  of  the  Lor- 
rain  Formation  (Huronian  Supergroup),  which  have  been  uti¬ 
lized  mainly  for  ferrosilicon,  smelter  flux  and  silica  brick, 
contain  some  units  compositionally  of  glass-sand  require¬ 
ments.  The  Badgeley  Island  deposit,  quarried  by  Indusmin, 
is  a  quartzite  in  the  Bar  Biver  Formation  which  overlies  the 
Lorrain. 

Quartzite  deposits  in  eastern  Quebec,  typified  by  those  of 
Baie  Comeau,  Baie  St.  Paul  and  Baskatong,  are  of  Grenville 
age.  Of  special  interest  are  two  Grenville  quartzite  deposits 
north  of  Montreal — St.  Donat  and  St.  Remi  d’Amherst — 
which  are  involved  in  major  fault  zones  and  have  been 
thoroughly  shattered  and  kaolinized. 

Paleozoic  sandstone  deposits  are  represented  by: 

1.  Those  of  Cambrian  age  (“Potsdam”  Sandstone) — St. 
Canut,  Ste.  Chlothilde,  and  Ormstown,  all  south  of 
Montreal,  and  deposits  in  the  Kingston-Brockville- 
Perth-Ottawa  area  of  eastern  Ontario. 

2.  Those  of  Devonian  age  in  the  Oriskany  Formation  in 
the  Hagersville  area. 

Unconsolidated  quartzose  sands  with  beds  of  kaolin  of 
Early  Cretaceous  age  have  been  explored  along  the  Missi- 
naibi  and  Mattagama  Rivers,  northeast  of  Hearst,  Ontario,  in 
the  James  Bay  lowland  area. 

Factors  that  require  consideration  in  the  economic  evalua¬ 
tion  of  a  potential  glass-sand  deposit  can  be  grouped  into 
three  categories:  1)  geological  (e.g.,  size,  shape,  structure);  2) 
petrographic  (e.g.,  grain  size,  accessory  minerals,  nature  of 
iron  contaminants);  3)  geographic-political  (e.g.,  proximity  to 
consumer,  size  of  market,  zoning  restrictions,  ecological  re¬ 
quirements). 

INTRODUCTION 

Silica  deposits  of  southeastern  Canada  embrace  a  broad 
range  of  geological  types,  each  of  which  has  its  own  geologi¬ 
cal  and  petrographic  characteristics.  These,  together  with 
geographical,  political  and  other  economic  factors,  must  be 
jointly  evaluated  in  order  to  determine  the  viability  of  a 
deposit. 

High-grade  silica  deposits  in  Ontario  and  Quebec  range  in 
age  from  Precambrian  (Apheian)  to  Cretaceous.  They  include 
metamorphic  quartzites  of  both  Huronian  and  Grenville  age; 
cataelastically  shattered  and  kaolinized  quartzites  of  Grenville 
age;  various  types  of  Paleozoic  marine  sandstones,  including 
quartz  arenites  and  orthoquartzites  of  Late  Cambrian  age 
(Potsdam)  and  calcareous  sandstone  of  Devonian  age 
(Oriskany);  and  unconsolidated  freshwater  quartzose  sands  of 
Cretaceous  age. 


PRECAMBRIAN  DEPOSITS 
Lorrain  Quartzites 

The  Lorrain  Quartzite  of  the  Huronian  Supergroup  (Aphe¬ 
bian  age,  >  1735  my)  crops  out  in  numerous  places  along  the 
north  shore  of  Lake  Huron,  between  Killarney  on  Georgian 
Bay  and  Sault  Ste.  Marie.  The  formation,  ranging  in  thick¬ 
ness  from  5,500-6,500  ft.,  consists  of  high-silica  quartzite  in 
its  upper  third,  which  ranges  from  95->99  percent  SiC>2 
(Hewitt,  1963).  Although  the  quality  is  at  least  locally  of 
glass-sand  grade,  no  glass-grade  silica  has  been  produced 
from  the  Lorrain.  Near  Sudbury  the  rock  has  been  quarried 
for  smelter  flux,  near  Sault  Ste.  Marie  for  silica  brick,  and  at 
Killarney  and  on  Manitoulin  Island  for  ferrosilicon. 

The  quartzite  is  a  tough  rock,  ranging  in  texture  from 
coarse-grained  and  glassy  to  fine-grained  and  cherty.  Upon 
fracturing  it  may  break  with  subconchoidal  surfaces,  and 
crushing  produces  particles  whose  shape  and  size  are  largely 
independent  of  the  original  size  and  shape  of  the  sand  grains. 
Color  commonly  varies  from  milky  white  to  gray.  Much  of 
the  industrial  value  of  this  rock  stems  from  the  combination 
of  high  purity  and  coherence,  i.e.,  its  ability  to  form 
“lumps.” 

Badgeley  Island,  Ontario 

Precambrian  quartzite  is  seasonally  quarried  on  Badgeley 
Island  in  Georgian  Bay  of  Lake  Huron  by  Indusmin  Ltd.  The 
tough  gray  rock  undergoes  primary  crushing  on  the  island, 
and  the  >2-in.  sizes  are  sold  for  ferrosilicon  manufacture. 
The  >2-in.  material  is  boated  across  the  Lake  to  Midland, 
Ontario,  for  grinding  and  preparation  primarily  for  glass- 
sand.  The  quartzite  unit  occurs  in  the  Bar  River  Formation 
which  also  is  part  of  the  Huronian  Supergroup  but  is  younger 
than  the  Lorrain  Quartzite,  being  separated  from  it  by  the 
Gordon  Lake  Formation. 

Very  large  reserves  occur  on  the  Island;  drilling  has  de¬ 
fined  an  ore  body  of  20  million  tons.  The  final  glass-sand 
product  contains  99.6  percent  SiC>2  and  0.02  percent  Fe20s. 
The  chief  problem  has  been  that  the  crushing  operation 
produces  a  relatively  high  proportion  of  fines.  If  excessive 
fines  are  introduced  into  a  glass-sand  product  they  require 
agglomeration  by  adding  a  synthetic  binder  to  prevent  their 
being  blown  out  of  the  glass  furnace  as  dust. 

Gananoque  Quartzite 

A  belt  of  Precambrian  quartzites  of  probable  Grenville  age 
crops  out  along  the  north  side  of  the  St.  Lawrence  River  for 
a  distance  of  6-8  mi.  between  Brockville  and  Kingston. 
Some  variants  of  this  snow-white  rock  are  an  arkosic  quartz¬ 
ite,  containing  both  microcline  and  plagioelase  and  traces  of 
muscovite.  The  rock  is  unusual  in  that  it  exhibits  two  differ¬ 
ent  metamorphic  fabrics — the  regional  metamorphic 
granoblastic  texture  of  interlocking  grains  on  which  has  been 
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superimposed  cataclastic  features,  mortar  structure,  undula- 
tory  quartz  with  Bohm  lamellae,  and  bent  feldspar  twins  and 
perthite  lamellae.  Analyses  show  NaaO  ~7  percent,  K2O 
~3.5  percent,  Fe203  =  0.09  percent.  Such  material  would 
be  a  suitable  vehicle  for  the  introduction  of  Na20  and  AI2O3 
as  well  as  SiC>2  into  glass  batch. 

Baskatong,  Quebec 

The  Lake  Baskatong  silica  deposit  is  on  the  southwest 
shore  of  Lake  Baskatong,  Quebec.  From  it  Baskatong  Quartz 
Products  (B.Q.P.)  Ltd.  produces  lump  silica  and  crushed 
silica  to  be  used  for  silicon  production,  as  grinding  pebbles, 
or  as  crushed  material  in  aggregate.  B.Q.P.  Ltd.  has  recently 
opened  a  52,000  tons-per-annum  ferrosilicon  plant  at  Becan- 
cour,  Quebec.  The  deposit  is  25  mi.  north  of  Baie  St.  Paul, 
which  is  62  mi.  east  of  Quebec  City,  Quebec.  Becancour  is 
about  80  mi.  southwest  of  Quebec  City.  Thus,  it  as  about 
170  mi.  from  the  deposit  to  the  plant. 

The  deposit  consists  of  two  bands  of  quartzite  that  trend 
northeast.  The  first  is  about  1600-1700  ft.  east-southeast  of 
Petit  Lac  Malbaie,  the  second  is  about  3,000  ft.  southeast  of 
the  first.  One  deposit  is  at  least  500  ft.  long;  the  other  has  a 
minimum  length  of  800-900  ft. 

The  rock  is  a  coarse-grained  white  Grenville  quartzite; 
locally  there  are  minor  hematite  stains.  The  only  other  min¬ 
eral  usually  present  is  a  very  small  amount  of  muscovite,  but 
a  little  feldspar  occurs  locally.  The  quartzites  are  particularly 
pure  in  their  central  parts. 

Analyses  of  samples  by  the  Quebec  Department  of  Mines 
show  Si02  =  98.87-99.63  percent,  Fe203  =  0.01-0.11  per¬ 
cent,  AI2O3  =  0.11-0.39  percent. 

/ 

Baie  St.  Paul,  Quebec 

Another  Grenville  quartzite  deposit  occurs  at  St.  Urbain 
near  Baie  St.  Paul,  Quebec,  about  50  mi.  east  of  Quebec 
City  on  the  St.  Lawrence  River.  Explored  in  1965,  the  de¬ 
posit  is  2,800  ft.  long,  400-600  ft.  wide  and  occurs  in  green¬ 
stone.  Reserves,  calculated  on  the  basis  of  18  drill  holes,  are 
in  the  order  of  50  million  tons  to  a  depth  of  200  ft.  Analyses 
show:  Si02  =  99.42  percent,  Fe2C>3  =  0.034  percent,  and 
AI2O3  =  0.21  percent. 

Baie  Comeau,  Quebec 

Grenville  quartzite  crops  out  in  Lafleche  Township,  about 
8  mi.  west  of  Baie  Comeau,  Quebec.  The  deposit,  which  was 
prospected  by  Universal  Minerals  Corporation,  Ltd.,  in  the 
early  1970’s  consists  of  an  antielinally  folded  bed  of  quartzite 
that  strikes  NE  and  at  its  southwestern  end  plunges  south- 
westward.  The  folded  bed,  which  can  be  traced  for  about  7 
mi.  along  strike,  has  an  outcrop  width  of  as  much  as  114  mi. 
and  a  true  thickness  of  0.5-0.75  mi.  Two  parallel,  much 
thinner  quartzite  layers  flank  the  anticline  on  its  southeast 
side.  The  quartzite  units  occur  within  granitized  biotite 
gneisses  that  grade  into  gneissic  granite  and  granite.  The  last 
is  cut  by  a  few  aplitic  and  pegmatitic  dikes.  Numerous  shear 
zones  and  faults  of  small  displacement  trend  either  north  or 
northwest  across  the  strike  of  these  rocks.  Several  diabase 
dikes  were  encountered  in  drill  holes  (Juteau,  1971). 

The  gray  quartzite  is  a  massive,  medium-  to  coarse-grained 
rock  with  a  vitreous  luster.  In  some  specimens  individual 


quartz  grains  each  %-Vfe  inch  across.  The  quartzite  varies 
from  a  very  pure  quartzose  rock  to  local  variants  with  essen¬ 
tial  muscovite,  biotite,  orthoclase  and  magnetite.  Traces  of 
pyrite  occur  along  fractures. 

Of  34  samples,  26  had  Si02  >  98  percent,  averaging  99.1 
percent.  The  iron  content  of  four  large  composite  samples 
ranged  from  0.15-0.22  percent  Fe203.  A  combination  of 
Kigh-intensity  magnetic  separation  and  flotation  processes  re¬ 
duces  this  to  0.02-0.04  percent  Fe203  and  the  AI2O3  to 
0.22-0.32  percent.  Ore  reserves  calculated  on  the  basis  of 
drilling  and  trenching  are  3,500,000  tons;  potential  reserves 
are  in  the  order  of  hundreds  of  millions  of  tons  to  modest 
depths  (Juteau,  1971). 

Transportation  to  the  nearest  point  of  consumption  (Mon¬ 
treal)  is  375  mi.  via  the  St.  Lawrence  River,  which  is  closed 
in  winter  months.  Thus,  storage  facilities  would  be  required, 
probably  in  the  dock  area,  eventually  «ecessitating  reloading 
and  local  trucking  of  the  sand.  Like  most  quartzites,  the  Baie 
Comeau  rock  is  tough,  requiring  both  considerable  energy 
for  crushing  and  careful  control  of  the  generation  of  fines 
(<150  mesh). 

St.  Donat,  Quebec 

The  St.  Donat  silica  deposit,  owned  and  operated  by  In- 
dusmin  Ltd.,  has  been  known  since  the  1920’s  and  was  first 
quarried  in  the  mid-1950  s.  Rock  quarried  at  St.  Donat, 
which  is  about  60  mi.  by  road  north  of  Montreal,  is  trucked 
to  the  company’s  mill  at  St.  Canut  for  treatment.  The  deposit 
consists  of  a  layer  of  Grenville  quartzite  about  1000  ft.  thick 
split  by  a  10-ft.  layer  of  kaolinized  biotite-gamet-sillimanite 
gneiss.  Other  rock  types  present  are  quartz-orthoclase  gneiss, 
plagioelase-quartz-orthoclase-augite  gneiss,  biotite  and  garnet 
gneisses  and  biotite  schists.  The  steep  to  vertical  layers  on 
the  ridge  of  St.  Donat  Mountain  trend  N60°W,  swinging  to 
north.  The  high-grade  quartzite,  northeast  of  the  sillimanite 
gneiss  parting,  consists  of  a  highly  crushed  quartzose  rock, 
glassy  to  milky,  .004-. 028  in.  in  grain  size  and  containing 
numerous  tabular  cavities  .004-. 012  in.  in  length,  filled  with 
white  kaolinite. 

The  quartz  rock,  which  also  contains  small  amounts  of 
tourmaline,  muscovite,  pyrite,  feldspars  and  pyroxenes,  has 
been  thoroughly  shattered  by  a  major  fault  or  shear,  so  much 
so  that  much  of  the  rock  is  sufficiently  weak  to  granulate 
readily.  The  kaolinite  appears  to  have  resulted  from  the  hy¬ 
drothermal  alteration  of  orthoclase  in  the  quartzite  (Gill, 
1957).  Analyses  of  the  rock  range  between  SiC>2  =  97.75- 
99.87  percent,  Fe2C>3  =  0.012-0.23  percent,  AI2O3  =  0.10- 
0.99  percent. 

Although  the  rock  must  be  trucked  about  60  mi.  and 
requires  beneficiation,  the  deposit  has  the  advantages  of 
large  reserves,  natural  crushing,  and  market  proximity. 

St.  Remi  d‘ Amherst,  Quebec 

The  St.  Remi  silica-kaolin  deposit  is  1.5  mi.  southeast  of 
the  village  of  St.  Remi  d‘ Amherst,  Labelle  County,  Quebec, 
about  70  airline  mi.  northwest  of  Montreal.  Known  since 
1894,  the  deposit  first  produced  kaolinite  in  1912.  Recog¬ 
nized  as  a  potential  high-quality  silica  deposit  in  1923,  it  was 
quarried  for  limited  amounts  of  glass  sand  in  1947-48  and 
explored  by  means  of  trenching  and  diamond  drilling  by 
Steetley  of  Canada  (Holdings)  Ltd.  in  summer,  1976.  The 
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chief  workings,  an  open  cut  about  300  x  400  ft.  in  plan  and 
75-80  ft.  deep  at  the  face,  expose  the  southeastern  end  of 
the  deposit.  Some  4000  ft.  of  inaccessible  underground 
working  are  reported  from  an  old  shaft  275  ft.  deep,  that  is 
west  of  the  open  cut. 

The  deposit  is  in  a  quartzite  within  Grenville  Series  rocks 
that  also  include  garnet  gneiss  and  marble.  These  metasedi¬ 
mentary  units  trend  northwest  and  dip  60-70°  NE  and  are 
flanked  both  to  the  northeast  and  southwest  by  granitoid 
gneisses.  The  metasedimentary  enclave  is  at  least  three  mi. 
long  and  0.5  mi.  wide.  The  quartzite  body,  which  is  very 
poorly  exposed  in  outcrop,  has  been  explored  along  the 
strike  for  about  9000  ft.  and  is  known  to  be  as  much  as 
—2000  ft.  wide.  Only  its  southwestern  contact  with  garnet 
gneiss  is  known  from  recent  drilling. 

Various  kaolinized  rocks  occupy  a  highly  fractured  zone 
that  trends  northwest-southeast  for  at  least  7000  ft.  over  a 
width  of  at  least  1500  ft.:  1)  massive  kaolin,  2)  kaolinitic 
quartzite,  3)  kaolinized  garnet  gneiss,  and  4)  kaolinized  gran¬ 
ite  gneiss.  The  massive  kaolin  occurs  in  two  ways:  1)  As 
stringers  and  “leads”  (parallel  vein-like  bodies)  within 
kaolinitic  quartzite  and  2)  as  residual  layers  at  the  interface  of 
the  quartzite  with  overburden  (till,  alluvium).  The  vein-like 
bodies,  some  of  which  were  as  thick  as  100  ft.  in  places  and 
up  to  1500  ft.  long,  formed  by  replacement  of  the  quartzite, 
pseudomorphously  preserving  the  quartzite  layering  (Wilson, 
1919). 

The  kaolinitic  quartzite  is  a  friable,  locally  vuggy,  gray- 
white  aggregate  of  irregular  quartz  grains,  .004-. 04  in. 
across.  It  is  streaked  by  lenses  of  kaolinite,  .004-. 012  in. 
across,  some  of  which  have  been  leached  to  form  the  vugs.  It 
is  cut  by  kaolinite-free  veins  of  reerystallized  massive  milky 
quartz,  some  in  blades  as  much  as  6  in.  long. 

The  quartzite  is  broken  by  fractures  on  several  scales:  1) 
major  faults,  2)  joint  sets  of  several  orientations,  3)  intensely 
shattered  zones  with  fractures  commonly  less  than  an  inch 
apart.  The  small-scale  fracturing  does  not  affect  the  regenera¬ 
ted  quartz  veins  and  thus  indicates  that  hydrothermal  activity 
was  post-fracturing  in  time.  The  combination  of  numerous 
fractures  on  several  scales  and  the  presence  of  interstitial 
kaolinite,  partly  leached,  has  resulted  in  the  formation  of  a 
highly  friable,  crumbly  quartz  rock  that  requires  little  energy 
for  its  disaggregation. 

Iron  contamination  of  two  distinctly  different  types  is  rep¬ 
resented  by:  I)  films  of  limonite-hematite  that  coat  fractures 
that  are  irregularly  distributed  and  conspicuous  only  locally 
since  most  of  the  quartz  is  snow-white;  2)  tiny  black  specks 
rather  uniformly  distributed  throughout  the  quartzite.  These 
consist  of  magnetite,  rutile  and  zircon. 

The  deposit  has  the  following  economic  advantages:  1)  it  is 
well  situated,  close  to  a  railroad  and  to  a  glass-sand  market; 
2)  it  has  large  reserves  of  high-grade  rock;  and  3)  it  is  already 
intensely  crushed  by  geological  processes.  Its  economic  po¬ 
tential  depends  upon  beneficiation  by  magnetic  removal  of 
the  magnetite  grains  and  the  economic  value  of  the  kaolinite, 
which  depends  mainly  on  whether  it  can  be  used  as  a  paper 
clay  or  whether  it  is  only  of  filler  quality. 

PALEOZOIC  DEPOSITS 

In  southeastern  Ontario  and  adjacent  Quebec  the  Cam¬ 
brian  Potsdam  Sandstone  ranges  in  thickness  from  about 
2000  ft.  south  of  Montreal  to  about  50  ft.  north  of  Ottawa 


and  ranges  between  a  few  ft.  to  about  100  ft.  in  the  Kings- 
ton-Perth  area.  In  southeastern  Ontario  the  unconformable 
contact  with  the  underlying  Precambrian  igneous  and  me  ta¬ 
mo  rp  hie  basement  rocks  is  widely  and  well  exposed.  Here 
this  contact  is  marked  by  1)  local  coarse  conglomerate  facies, 
2)  highly  ferruginous  sandstone  and  conglomerate,  3)  strongly 
cross-bedded  sandstone  strata  and  4)  high-angle  original  dips 
off  local  Precambrian  hills  with  local  internal  unconformities. 
North  of  Ottawa  an  arkosic  conglomerate  marks  the  base  of 
the  formation.  North  of  Montreal  a  hematitic  sandstone  forms 
the  basal  stratum. 

The  main  petrologic  types  of  sandstone  in  the  Kingston- 
Perth  area  are:  1)  siliceous  sandstone  and  orthoquartzite;  2) 
ferruginous  sandstone;  3)  calcareous  sandstone;  4)  argillaceous 
sandstone;  5)  pyritic  sandstone;  and  6)  rare,  carbonaceous 
sandstone.  In  a  general  way  the  progression  along  an  axis 
from  southwest  to  northeast  is:  1)  siliceous  and  ferruginous 
sandstone;  2)  shaley  sandstone;  and  3)  argillaceous  and 
calcareous  sandstone. 

South  of  Montreal  the  unit  “Potsdam  Sandstone”  is  equiva¬ 
lent  to  the  basal  Covey  Hill  Formation  and  the  overlying 
Cairnside  Member  of  the  Chateauguay  Formation.  These  two 
formations  form  the  Potsdam  Group.  In  common  usage,  how¬ 
ever,  the  “Potsdam  Sandstone”  equals  the  Cairnside  Mem¬ 
ber,  which  is  250-500  ft.  thick.  Much  of  this  is  a  pure 
quartzitie  sandstone  with  local  thin  bands  in  which  calcite 
has  replaced  the  original,  crystallographically  overgrown 
quartz  cement,  in  effect  restoring  the  detrital  character  of  the 
quartz  grains.  Diagenetic  pyrite  is  largely  confined  to  thin 
stringers  that  border  the  calcitic  seams. 

Deposits  in  Eastern  Ontario  and  Adjacent 
Quebec 

In  eastern  Ontario  and  in  Quebec  just  across  the  Ottawa 
River  from  Ottawa  the  Potsdam  Sandstone  occurs  in  scat¬ 
tered  discontinuous  patches  from  Kingston  to  Brockville  on 
the  St.  Lawrence  River  northward  through  Perth  to  Gati¬ 
neau,  Quebec.  The  formation  lies  on  a  Precambrian  erosion 
surface  of  modest  original  relief  (about  200  ft.)  which  tran¬ 
sects  a  variety  of  metamorphic  and  plutonic  igneous  rocks.  In 
general,  the  sandstone  beds  are  flat-lying,  but  locally,  along 
the  flanks  of  small  Precambrian  knobs,  primary  dips  as  high 
as  20°  are  present.  In  a  few  places  the  contact  is  marked  by 
basal  conglomerate  in  which  Precambrian  boulders  occur  in 
the  Potsdam.  Near  Portland  the  sandstone  beds  rest  on  beds 
of  sandy  limestone  with  an  intraformational  breccia  and  in- 
terbedded  pebbly  lenses  and  beds. 

Keith  (1949)  delineated  four  main  facies:  siliceous  sand¬ 
stone;  sandstone  with  interbedded  shaly  layers;  calcareous 
sandstone;  and  ferruginous  sandstone.  Locally  gray  to  black 
carbonaceous  beds  also  are  present. 

The  general  color  ranges  from  white  to  dark  red.  Many 
beds  show  color  mottling  (spotted,  blotchy,  striped)  or  have 
pink  to  red  joint  coatings.  Near-surface  exposures  are  com¬ 
monly  bleached  gray-white.  Much  of  the  sandstone  is  buff  to 
light  tan,  but  some  is  white.  Worm  tubes  are  conspicuous  in 
a  few  sandstone  beds. 

Formerly,  sandstone  was  quarried  near  Joyce ville,  12  mi. 
northwest  of  Kingston  by  Kingston  Silica  Mines,  Ltd.  The 
plant  closed  in  1953  and  the  property  was  later  expropriated 
and  now  forms  part  of  the  Joyceville  penitentiary.  Another 
quarry  has  been  developed  by  St.  Lawrence  Industries  Silica 
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Ltd.  on  the  north  shore  of  the  St.  Lawrence  River,  4  mi. 
west  of  Gananoque.  Angelstone  Company  Ltd.  also  has  a 
quarry  for  silica  flour  in  Bastard  Township,  Leeds  County, 
about  20  mi.  northeast  of  Kingston. 

The  three  most  significant  factors  affecting  utilization  of  the 
Potsdam  Sandstone  in  the  Kingston  to  Gatineau  area  are: 
thickness,  pyrite  content,  and  limonite  distribution.  Com¬ 
pared  to  the  Potsdam  Sandstone  south  of  Montreal  (e.g.,  Ste. 
Chlothilde),  the  unit  in  the  Kingston-Gatineau  area  is  very 
thin  (10’s  of  ft.  vs.  several  100’s  of  ft.).  In  addition,  it  is 
patchy,  occurring  in  isolated  areas. 

As  in  the  Potsdam  elsewhere,  pyrite  is  the  chief  iron¬ 
bearing  contaminant,  but,  because  so  much  of  the  formation 
here  is  thin  and  lies  above  the  water  table,  most  of  the  pyrite 
has  been  oxidized  and  redistributed  as  limonite.  However, 
much  of  the  iron  in  the  ferruginous  sandstone  phase  may 
well  be  a  primary  sedimentary  constituent.  In  addition  to  the 
limonitic  contamination,  the  Potsdam  in  this  area  is  more 
variable  in  its  general  petrology,  having  both  argillaceous  and 
calcareous  phases. 

St.  Canut,  Quebec 

The  St.  Canut  deposit,  owned  and  operated  by  Indusmin 
Ltd.  is  about  20  mi.  northwest  of  Montreal  and  west  of  St. 
Jerome.  These  quarries  expose  Potsdam  sandstone,  with  a 
maximum  thickness  of  about  55  ft.,  in  beds  2-10  ft.  thick. 
The  base  of  the  unit  and  the  quarrying  operations  is  marked 
by  a  thin  hematitic  sandstone.  The  Potsdam  grades  down¬ 
ward  from  an  upper  several-feet-thick,  light  tan  sandstone  to 
lower,  light  gray  sandstone.  Ripple  marks  and  banding  are 
locally  conspicuous.  Several  diabase  dikes,  up  to  several  ft. 
wide,  strike  north  across  the  flat-lying  Potsdam  beds  and 
have  formed  contact-metamorphic  zones,  six  in.  wide,  now 
highly  oxidized. 

The  chief  impurity,  common  in  Potsdam  rock,  is  diagenetic 
pyrite  that  oxidizes  to  limonite  and  is  widely  redistributed  by 
groundwater  as  coatings  on  fractures  and  bedding  planes. 
Local  sections  also  contain  calcite  cement.  Magnetite  occurs 
as  a  detrital  impurity. 

The  rock  is  beneficiated  magnetically  and  by  flotation  at 
the  plant  adjacent  to  the  quarries.  St.  Canut,  along  with  St. 
Donat,  has  been  the  main  source  of  glass  sand  for  the  con¬ 
tainer  and  flat-glass  plants  in  the  Montreal  area  for  several 
decades. 

St.  Chlothilde,  Quebec 

The  St.  Chlothilde  deposit  is  several  mi.  east  of  the  village 
of  St.  Chlothilde,  Chateauguay  County,  Quebec,  and  30  mi. 
south  of  Montreal.  Three  small  quarries,  fringed  by  blocks  of 
sandstone  intended  for  building  purposes,  were  dug  in  the 
mid-1950  s.  The  deposit  also  was  explored  by  diamond  drill¬ 
ing  11  holes  in  1965-66.  Ten  holes  were  drilled  only  to  50  ft. 
The  other  was  drilled  to  500  ft.,  all  in  sandstone. 

The  property  is  underlain  by  nearly  flat-lying  beds  of  sand¬ 
stone  of  the  Potsdam  Group.  Large  pavements  of  jointed 
sandstone,  exposed  in  several  places,  represent  glaciated 
dipslopes.  Outcrops  are  referred  to  the  Cairnside  Member  of 
the  Chateauguay  Formation.  The  unweathered  rock  is  a 
white  to  gray  orthoquartzite  in  which  the  chief  impurities  are 
calcite  and  pyrite.  Near  the  surface  the  pyrite,  which  occurs 
in  thin  seams,  stringy  lenses,  ovoid  concretions  and  dis¬ 
seminated  grains,  weathers  to  limonite  that  then  travels 


widely  along  joints  and  bedding  planes.  Individual  sandstone 
beds,  which  are  as  much  as  two  ft.  thick,  show  laminations, 
cross-bedding,  current  ripple  marks  and  rare  gray-green 
shale  partings. 

The  deposit  lies  close  to  a  market  and  has  exceedingly 
large  reserves.  With  removal  of  the  pyrite  (attrition  scrub¬ 
bing  in  acid  medium)  the  iron  content  can  be  reduced  to 
Fe2C>3  ~0.015  percent. 

Electric  Reduction  Deposit,  Quebec 

A  major  operating  quarry  in  “Potsdam  sandstone”  is  that 
owned  by  Electric  Reduction  Company  of  Canada,  Ltd., 
about  six  airline  mi.  east-southeast  of  Ormstown,  Cha¬ 
teauguay  County,  Quebec.  The  deposit  is  quarried  by  Ar- 
mand  Sicotte  &  Fils,  Ltd.  for  lump  silica  used  in  the 
reduction  of  phosphate  rock  to  elemental  phosphorus.  In 
operation  for  20  years,  the  deposit  no\y  yields  about  150,000 
tpa.  The  rock  quarried  is  the  upper  15  ft.  of  the  upper  part 
of  the  Cairnside  Member  with  beds  six  in.  to  two  ft.  thick.  It 
is  gray-white  to  tan  orthoquartzite  with  some  local  calcite 
cement.  Cross-bedding  is  very  common  and  the  base  of  the 
quarried  portion  is  marked  by  a  thick  gray  micaceous  shale 
parting  deposited  on  an  underlying  rock  surface  of  minor 
undulating  relief.  Two  other  shale  seams  occur,  one  four  ft. 
above  the  quarry  floor,  the  other  eight  ft.  above  the  quarry 
floor.  Beneath  the  lowest  shale  parting  and  the  unconformity, 
the  rock  is  a  sandy  dolomitic  limestone. 

Much  of  the  rock  is  strongly  stained  by  limonite  on  joints 
and  bedding  planes,  again  derived  from  weathered  dis¬ 
seminated  pyrite.  In  general,  both  iron  content  (Fe203  = 
0.04-0.5  percent)  and  carbonate  content  (2-6  percent)  ap¬ 
pear  to  be  higher  than  at  St.  Chlothilde  and  conversely,  of 
course,  SiC>2  is  lower.  Much  of  the  calcite  is  in  the  coarser 
grained  sandstone  bands.  Beneficiation  of  this  rock  to  glass- 
sand  grade  would  probably  require  a  combination  of  attrition 
scrubbing  and  flotation.  Reserve  tonnages  are  large,  and  the 
deposit  has  the  advantage  of  being  in  production. 

Nelle’s  Comers,  Ontario 

A  small  erosional  remnant  of  Oriskany  Sandstone  (Devo¬ 
nian)  occurs  as  an  elongate  lens  (in  plan)  at  Nelle’s  Comers 
near  Hagersville,  Ontario.  The  lens,  about  2  x  0.75  ini., 
trends  northwest-southeast  and  consists  of  as  much  as  20  ft. 
of  essentially  horizontal  sandstone  that  overlies  the  Bertie- 
Akron  Dolomite.  The  deposit  has  been  worked  by  some 
seven  small  quarries  for  building  stone  in  the  early  1900’s 
and  for  glass  sand  between  1912-18. 

Thin  remnants  of  sandstone  also  are  exposed  in  the  do¬ 
lomite  quarry  of  the  Cayuga  Materials  and  Construction  Co., 
Ltd.,  and  in  1975  this  company  drilled  19  shallow  holes  into 
drift-  and  soil-covered  terrain  in  the  area  northwest  of  its 
quarry  between  its  quarry  and  the  sandstone  exposures  in 
the  old  quarries  to  the  northwest.  From  0-22  ft.  of  sand¬ 
stone  were  encountered  with  an  average  thickness  of  only  ~5 
ft.  Apparently  much  of  this  sandstone  cap  has  been  removed 
by  glaciation. 

The  sandstone,  a  medium-grained  gray  to  grayish-white 
rock,  varies  from  friable  to  strongly  consolidated.  Locally  in 
its  upper  part  lobate  chert  concretions  occur,  2  in.  to  a  foot 
in  diameter.  Individual  beds  are  1-5  ft.  thick.  Except  where 
leached  by  groundwater  the  sandstone  contains  considerable 
calcite  cement  (4-6  percent)  and  so  much  so  locally  that 
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some  beds  must  be  logged  as  arenaceous  limestone.  Benefi- 
ciation  studies,  by  attrition  scrubbing  and  wet  magnetic  sepa¬ 
ration,  failed  to  reduce  the  content  of  Fe2C>3  below  ~0.2 
percent. 

Although  the  deposit  is  favorably  located  and  is  near  an 
operating  quarry,  its  high  caleite  and  iron  contents  render  it 
unsuitable  for  flint-grade  glass  sand.  In  addition,  reserves  are 
very  limited. 

MESOZOIC  DEPOSITS 

Cretaceous  Sands,  Missinaibi  and  Mattagami 
River  Areas,  Ontario 

Since  1929  silica  sand  and  kaolin  deposits  have  been 
known  along  the  Missinaibi  and  Mattagami  Rivers  about  50 
mi.  northeast  of  Hearst,  Ontario,  in  the  James  Bay  lowland 
area.  The  area  is  accessible  by  canoe  or  pontoon  plane  from 
Hearst  or  Mattice  on  the  Canadian  National  Railway  and 
Highway  11.  The  area  is  generally  devoid  of  outcrops,  but 
silica  sand-kaolin  material  is  exposed  along  the  two  rivers  and 
their  tributaries.  The  Missinaibi  area  was  explored  by  Algo- 
cen  Mines  Ltd.  in  the  late  1960’s  and  extensive  tests  of  both 
the  sand  and  kaolin  continued  into  the  early  1970’s. 

The  Precambrian  granitic  complex  is  overlain  by  Devonian 
sediments  that,  in  turn,  are  overlain  locally,  by  the  Creta¬ 
ceous  sediments.  The  maximum  thickness  of  Cretaceous 
sands  and  clays  is  not  known,  but  drilling  has  penetrated  as 
much  as  168  feet  (Smith  and  Murthy,  1970).  An  almost  com¬ 
plete  cover  of  muskeg.  Pleistocene  tills  and  Recent  silt,  sand 
and  gravel  blankets  the  deposits.  The  sand  beds  contain 
interstitial  kaolinite  that  also  forms  kaolin  beds,  six  ft.  or  less 
in  thickness,  consisting  of  —90  percent  kaolinite.  Three  per¬ 
sistent  layers  of  red  fireclay  serve  as  excellent  horizon 
markers. 

Drilling  has  outlined  reserves  in  excess  of  6  x  106  tons. 
The  sands  beneficiated  by  flotation  and  magnetic  separation 
contain  0.013-0.027  percent  Fe2C>3,  well  within  flint-grade 
glass-sand  specifications.  The  chief  problems  atttendant  to 
development  of  the  deposits  are  1)  its  remoteness  from  mar¬ 
kets,  2)  its  inaccessibility,  and  3)  the  quality  of  the  kaolinite. 

SILICA  BY— RODUCTS 

Quartz  occurs  in  very  large  quantities  in  rocks  other  than 
sandstones  and  quartzites  and,  in  particular,  in  two  rock 
types  that  have  been  extensively  mined  for  other  elements  in 
eastern  Canada: 

1.  The  conglomeratic  uranium  ores  of  the  Blind  River- 
Elliot  Lake  district  of  Ontario. 

2.  The  banded  iron  formation  of  the  Labrador  Trough, 
north  of  Port  Cartier,  Quebec. 

Attempts  have  been  made  on  the  tailings  from  both  of 
these  operations  to  produce  a  silica-rich  product  suitable  for 
the  glass  industry.  The  Mineral  Processing  Division  of  the 
Canada  Department  of  Energy,  Mines  and  Resources  has 
treated  tailings  from  the  Rio  Algom  Mines  via  attrition  scrub¬ 
bing  and  magnetic  separation.  The  tailings,  of  which  only 
about  55  percent  is  >150  mesh,  contain  mainly  quartz, 
pyrite,  potash  feldspar  and  sericitic  muscovite.  The  benefi¬ 
ciated  product  contains  Fe203  =  0.8  percent  and  only  87.5 
percent  SiC>2  with  appreciable  AI2O3  (4.9  percent)  and  K2O 
(3.4  percent).  Doubtless  the  product  could  be  greatly  im¬ 
proved  by  the  flotation  removal  of  sericite  and  pyrite,  a 


costly  procedure.  This,  plus  the  low  percentage  of  glass-sand- 
size  material,  effectively  discourages  the  utilization  of  these 
tailings  as  glass-making  raw  materials. 

Beneficiation  studies  by  Quebec  Cartier  Mining  Co.  of 
Port  Cartier,  Quebec,  on  the  silica-rich  material  of  their 
multi-hundred  million  ton  tailings  accumulation  from  their 
iron-ore  mining  operations  have  come  closer  to  producing  a 
useable  glass-sand  material.  Again,  however,  a  considerable 
proportion  of  the  product  falls  in  the  <150  mesh  to  >400 
mesh  size  ranges.  Also  the  distances  argue  against  potential 
utilization  of  this  material— 190  mi.  to  Port  Cartier  and 
thence  almost  500  mi.  to  Montreal. 

EVALUATION 
Glass  Composition 

Most  glasses  used  for  flat  glass  and  ordinary  glass  con¬ 
tainers  are  soda-lime  glasses  (Table  1). 

Table  1 

Compositions  of  Soda-Lime  Glasses 

Flat  Glass  Container  Glass 


SiC>2 

72.0 

73.0 

Na20 

16.5 

18.0 

CaO 

9.0 

7.0 

MgO 

1.5 

0.5 

AI2O3 

1.0 

1.5 

100.0  100.0 

Flint  glass  is  clear  glass  with  total  Fe2C>3  —0.03  percent; 
amber  (beer  bottle)  glass  has  Fe2C>3  —0.12  percent.  The 
minerals  or  compounds  that  are  vehicles  for  these  major 
elemental  components  are  usually: 

Si  —  quartz 

Al  —  feldspar  ±  nepheline:  uncommonly  clay 
Na  —  sodium  carbonate,  sodium  hydroxide 
Ca  —  calcite 

Raw-Materials  Specifications 

Nearly  all  of  the  silica  for  glass  arrives  in  some  form  of 
quartz,  except  for  the  minor  amounts  that  accompany  the 
aluminum  and  alkalies  in  the  form  of  feldspar  and  nepheline. 
Three  categories  of  specifications  apply  to  the  silica,  called 
"quartz  sand  by  the  glass  industry,  irrespective  of  its  geolog¬ 
ical  mode  of  occurrence: 

1.  Grain-size  specifications.  These  vary  somewhat  from 
company  to  company.  One  common  distribution  is: 

+  30  mesh  —  none 
+  40  mesh  —  not  over  3  percent 
—80  mesh  —  not  over  35  percent 
—  140  mesh  —  not  over  5  percent 

Coarse  quartz  grains  (>30  and  larger)  do  not  melt  com¬ 
pletely,  forming  one  type  of  structural  defect  in  the  glass. 
Very  fine-grained  material  (<150  mesh)  tends  to  blow  out, 
thus  changing  batch  composition  and  to  cake  and  clog  the 
checkers  of  the  furnace.  Such  silica  “fines”  can  be  caked  to 
agglomerated  coarser  aggregates  when  coated  with  such  anti- 
freezing  compounds  as  CaCh,  introduced  to  prevent  freezing 
of  stockpiles. 

2.  Chemical  specifications 
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Flint 

Amber 

Fe2C>3 

not  over 

.025 

.12 

Ti()2 

not  over 

.03 

.10 

CaO 

not  over 

.10 

.10 

MgO 

not  over 

.10 

.10 

organic 

tr 

.10 

Si02 

rest 

rest 

There  is  some  degree  of  latitude  depending  upon  the  com¬ 
position  of  each  of  the  glass-making  raw  materials. 

3.  Mineralogical  specifications 

Especially  undesirable  are  certain  heavy  detrital  aceeessory 
minerals,  such  as  refractory  heavy  minerals,  that  occur  in 
sandstones,  such  as  kyanite,  sillimanite,  corundum,  which  do 
not  melt  at  glass-making  temperatures  and  remain  as 
“stones.” 

Geological  Factors 

The  usual  parameters  affecting  the  evaluation  of  any  ore 
deposit  apply  equally  to  the  evaluation  of  glass-sand  bodies, 
such  as  size,  shape,  structure.  Relatively  thin  sands,  even 
though  very  pure,  require  quarries  of  dimensions  of  such  size 
that  they  may  be  economically  and  geographically  unfeasible. 
Topographic  and  structural  factors  may  produce  awkward  or 
expensive  quarry  sites  or  resu't  in  major  water-removal  prob¬ 
lems.  Such  problems  are  not  unique  to  the  quarrying  of  glass 
sands. 

Interbedding  with  carbonate  layers  or  clay  lenses  so  that 
considerable  selective  mining  is  required  normally  prohibits 
economic  exploitation  of  the  sandstone. 

Of  great  importance  is  the  degree  of  consolidation.  Sand 
bodies  that  have  been  utilized  or  prospected  in  Canada  range 
from  completely  loose,  incoherent  sand  that  requires  neither 
blasting  nor  crushing  (Missinaibi  River),  through  weakly  con¬ 
solidated  sandstones  that  require  a  minimum  of  explosive 
charges  and  only  enough  crushing  to  disaggregate  them  to 
their  original  grain  size  (Potsdam  Sandstone),  to  tough,  meta- 
morphic  quartzites  than  need  expensive  maximum  blasting 
and  crushing  treatment  (Badgeley  Island). 

Secondary  geological  features  also  may  play  a  decisive  role 
in  transforming  a  sand  unit  of  relative  purity,  but  of  no 
economic  value,  into  a  mineable  deposit.  Some  of  the  glass- 
sand  deposits  consist  of  loose,  bleached  sand  resulting  from 
the  repeated  action  of  one  or  more  periods  of  weathering  on 
sandstones  or  orthoquartzites,  which  in  the  unweathered 
state  are  usually  not  of  economic  significance. 

At  St.  Donat  and  St.  Remi  bodies  of  Precambrian  quartzite 
have  been  rendered  into  quartz-sand  deposits  largely  because 
they  are  transected  by  major  fault  zones  within  which  they 
have  been  thoroughly  shattered. 

Petrographic-Mineralogic  Factors 

Original  high  purity  (i.e.,  high  silica  content)  is,  of  course, 
desirable,  but  not  necessarily  essential.  If  the  impurities  are 
of  a  type  that  can  be  removed  by  washing,  attrition  scrub¬ 
bing,  magnetic  separation  and  flotation,  a  relatively  impure 
body  may  qualify  as  a  quartz-sand  source. 

Of  utmost  importance  is  exact  information  as  to  the 
mineralogical  nature  and  the  textural  relations  of  the  con¬ 
taminating  phases. 

The  chief  minerals  that  accompany  quartz  are:  1)  clay  min¬ 
erals,  usually  kaolinite  or  illite;  2)  feldspar,  as  detrital  grains 
of  sand  size;  3)  carbonate  (calcite,  dolomite  or  ankeritic  do¬ 


lomite)  usually  as  cement  or  calcite  less  commonly  as  detrital 
grains;  4)  various  silicates  (muscovite,  feldspar)  and  oxides 
(magnetite)  in  quartzites. 

Clay  minerals  are  removable  by  washing  and  large  clay 
units  may  be  removed  by  selective  mining.  Abundant  dis¬ 
seminated  clay  may  prove  to  be  an  impediment  to  successful 
flotation  beneficiation,  clogging  circuits  and  filters.  Feldspars 
can  be  concentrated  by  flotation  and  sold  separately  as  by¬ 
product,  or  a  feldspathic  sand  may  be  marketed  directly  as  a 
silica-alumina  source. 

The  presence  of  another  recoverable  product  may  actually 
be  an  additional  or  even  a  critical  factor  in  determining  the 
economic  status  of  the  deposit;  e.g.,  kaolin  at  St.  Remi  and 
in  the  Missinaibi  River  Deposits. 

Of  special  importance  is  the  nature  of  the  contaminating 
iron.  Iron  occurs  in  sandstones  in  a  variety  of  ways,  each  of 
which  requires  special  techniques  for  its  removal:  1)  as  detri¬ 
tal  grains  of  such  species  as  glauconite,  ilmenite  and  various 
ferromagnesian  silicates;  2)  as  crystals  and  concretions  of 
authigenic  pyrite;  3)  as  cement,  either  limonite-hematite  or 
ankeritic  dolomite;  4)  as  grain  coatings  of  limonite-hematite; 
and  5)  as  inclusions  of  iron-bearing  species  within  quartz 
grains. 

Detrital  grains  and  coarser  blebs  of  iron  oxide  cement  can 
be  remove  magnetically.  With  high  amperage  many  quartz 
grains  that  are  “loaded”  with  iron  inclusions  also  can  be 
pulled  out.  Attrition  water-scrubbing  will  usually  reduce  the 
hematite-limonite  grain  coatings  that  are  so  common,  but  a 
caustic  or  acid  may  have  to  be  added.  Of  special  concern  are 
those  quartz  grains  that  enclose  a  moderate  number  of  iron¬ 
bearing  inclusions,  some  of  which  “crop-out  on  the  surface 
of  the  grain  where  a  “microgossan  ”  capping  develops.  Hence, 
one  of  the  major  petrographic  characteristics  that  requires 
evaluation  is  the  extent  to  which  quartz  grains  contain 
opaque  inclusions  and  the  percentage  of  inclusion-rich  grains 
in  the  sandstone.  Such  quartz  grains  are  largely  derived  from 
terrains  underlain  chiefly  by  impure  metasedimentary  rocks 
of  low-grade  metamorphic  rank.  However,  not  all  opaque  or 
semi-opaque  quartz  grains  result  from  a  surfeit  of  iron-min¬ 
eral  inclusions;  graphitic  inclusions  also  are  common.  This 
variety  of  “black  quartz”  is  both  non-magnetic  and  composi- 
tionally  acceptable. 

Most  of  the  heavy  accessory  minerals  are  iron-bearing  and 
can  be  removed  magnetically  (e.g.,  epidote,  tourmaline, 
staurolite,  garnet).  However,  even  trace  amounts  of  such 
persistent  non-magnetic  detritals  as  kyanite  and  sillimanite 
are  injurious. 

Sandstones  of  highly  diverse  origin  usually  contain  a  suffi¬ 
cient  percentage  of  grains  within  the  prescribed  size  ranges. 
However,  sands  of  bimodal  distribution  also  have  been  found 
acceptable.  Wind-blown  sands  have  concentrations  at  the 
lower  end  of  the  acceptable  scale.  In  metamorphic  quartzites 
where  a  synthetic  grain-size  distribution  is  produced  by 
crushing  and  milling,  petrographic  studies  of  grain  size  and 
shape  may  be  of  some  value  in  predicting  fracturing  charac¬ 
teristics.  However,  careful  pilot  plant  assessments  are  essen¬ 
tial. 

Geographic- Political  Factors 

Many  glass  plants  are  old  and  surrounded  by  urban  devel¬ 
opment;  they  are,  in  effect,  land-locked.  Because  of  both 
such  space  problems  and  the  cost  of  construction  of  large- 
volume  storage  facilities,  bins  for  raw-material  storage  are 
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normally  small  or  not  available.  The  glass  plant  is  utterly 
dependent  on  a  regularly  scheduled,  week-after- week  arrival 
of  four  major  raw  materials  in  the  amounts  and  proportions 
required  for  essentially  immediate  consumption.  Glassmak¬ 
ing,  a  nonstop  process,  lives  literally  from  hand-to-mouth.  It 
has  usually  little  taw-materials  reserve  to  draw  upon,  nor  can 
it  pause  to  await  the  arrival  of  additional  sand,  inasmuch  as 
glass  furnaces  are  operated  continuously.  Railroads,  and  less 
commonly,  trucks,  are  the  normal  transportation  means.  Wa¬ 
ter  transportation,  although  theoretically  cheaper,  requires 
enormous  tonnages  to  be  effective,  volumes  for  which  no 
storage  facilities  exist.  Furthermore,  few  glass  plants  are  so 
located  as  to  be  directly  accessible  to  water  transportation; 
reshipment  costs  from  dock  to  plant  negate  most  of  the 
potential  savings  of  water  transportation. 

Glass  sands  are  raw  materials  requiring  a  peculiar  com¬ 
bination  of  properties:  they  must  be  not  only  very  pure  but 
also  cheap.  Their  cost  at  the  glass  plant  may  consist  of  as 
much  as  50  percent,  or  even  more,  transportation  charges, 
which  range  from  about  20-60  percent  of  the  total  delivered 
price. 

Railroad  transportation  charges  are  very  complexly  derived 
and  are  only  partly  related  to  distance  of  shipment. 

Construction  of  a  glass-sand  beneflciation  plant  requires  a 
very  large  capital  investment  with  the  requirement  of  a 
large,  nearby  market.  Thus,  even  if  excellent  deposits  are 
available  and  transportation  charges  are  acceptable,  a  mere 
modest  market  precludes  the  exploitation  of  the  sand  body. 
This  is  one  of  the  main  problems  in  eastern  Canada  where  a 
relatively  small  market  (compared  to  the  U.S.)  hinders  the 
development  of  new  competitive  deposits. 

Zoning  restrictions,  usually  on  the  township  level,  are  an 
additional  factor  preventing  developing  or  extension  of  sand¬ 
stone  quarries  in  some  areas.  Yet  such  land  may  be  intrinsi¬ 


cally  more  valuable  as  sand-quarry  sites  rather  than  as 
farmland,  and  produces  taxation  revenue  disproportionate  to 
the  acreage  involved. 
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RESERVE  DETERMINATIONS  IN  A  CONDEMNATION 
CASE  IN  PENNSYLVANIA 

Bernard  J.  O’Neill,  Jr. 

Pennsylvania  Bureau  of  Topographic  &  Geologic  Survey 


ABSTRACT 

Condemnation  of  a  strip  of  land  along  the  edge  of  an  active 
quarry  was  made  by  the  Pennsylvania  Department  of  Trans¬ 
portation  (PennDOT)  to  create  a  bypass  around  an  urban 
area  in  1968.  The  quarry  produces  limestone  for  use  in  the 
manufacture  of  cement.  Damages  claimed  by  the  cement 
company  for  this  taking  included  a  sizable  amount  for  the 
depletion  of  their  reserves.  PennDOT  requested  the  help  of 
the  Pennsylvania  Geological  Survey  to  verify  this  claim. 

The  Survey’s  investigation  of  the  reserves  was  based  pri¬ 
marily  on  four  important  factors:  1)  the  chemical  specifica¬ 
tions  of  the  limestone  being  used  by  the  company  to 
manufacture  cement;  2)  the  variability  of  the  chemical  com¬ 
position,  both  laterally  and  vertically,  within  the  limestone 
formation  being  quarried;  3)  the  variations  in  depth  of  waste 
overburden  due  to  geologic  structure  and  its  economic  impli¬ 
cations;  and,  4)  the  maximum  depth  of  quarrying  as  es¬ 
tablished  in  the  area. 

The  reserves  estimated  by  the  Survey  in  the  affected  area 
differed  substantially  from  those  originally  calculated  by  the 
cement  company.  In  subsequent  hearings  which  were  held 
to  review  the  case,  all  of  the  principals  involved  agreed  to 
the  Survey’s  reserve  estimates  as  a  basis  upon  which  to 
compute  the  damages  awarded  to  the  company. 

INTRODUCTION 

In  1968,  the  Pennsylvania  Department  of  Transportation 
(PennDOT)  condemned  a  strip  of  mineral  land  needed  in  the 
construction  of  a  highway  bypass.  The  Pennsylvania  Bureau 
of  Topographic  and  Geologic  Survey  was  asked  by  the  Penn¬ 
DOT  to  check  the  reserve  calculations  and  to  help  in  nego¬ 
tiations  with  the  cement  company  that  owned  the  land. 

THE  NATURE  OF  THE  PROBLEM 

The  strip  in  question  crosses  the  southern  part  of  a  prop¬ 
erty  being  quarried  by  a  cement  company.  The  property  is 
underlain  by  carbonate  and  phyllitic  rocks  that  are  included 
within  the  Kinzers  Formation  of  the  Cambrian  System.  The 
carbonate  rocks  lie  within  the  middle  member  of  the  Kinzers 
and  are  of  particular  interest  because  some  of  them  are 
suitable  for  use  as  a  raw  material  in  the  manufacture  of 
cement.  Although  this  strip  involves  19.8  acres,  the  mining 
resulted  in  a  total  loss  of  36.4  acres,  because  it  severed  a 
parcel  of  land  and  created  the  need  for  buffer  zones  adjacent 
to  the  bypass.  Figure  1  shows  the  condemned  strip  with  the 
severed  portion  located  east-southeast  of  it. 

Several  matters  are  worth  noting  in  Figure  i.  First,  one  of 
the  township  zoning  ordinances  prohibits  quarrying  within 
one  hundred  feet  of  a  roadway.  To  comply  with  this  regula¬ 
tion,  buffer  zones  had  to  be  established  adjacent  to  the  by¬ 
pass.  Three  buffer  zones  are  shown  on  Figure  1.  Two  of 
these  are  located  adjacent  to  the  bypass;  the  third  is  located 
adjacent  to  a  township  road  which  parallels  the  southeast 


edge  of  the  property.  Because  the  latter  was  restricted  from 
quarrying  prior  to  the  condemnation,  it  was  not  a  factor  in 
this  case.  However,  reserves  in  the  buffers  adjacent  to  the 
bypass  had  to  be  considered  lost  because  of  the  condemna¬ 
tion. 

The  locations  of  the  drill  holes  in  Figure  1  also  merit 
attention.  Although  more  than  450  drill  holes  penetrated  the 
subsurface  rocks  on  this  property,  only  26  are  shown,  includ¬ 
ing  all  16  holes  drilled  on  or  adjacent  to  the  condemned 
parcel.  The  remaining  10  holes,  numbered  17  through  26, 
are  shown  because  they  were  used  to  construct  cross-section 
B-B1.  This  section,  together  with  cross-section  A-A1  as  de¬ 
fined  by  drill  holes  6  through  11,  will  be  discussed  later. 

Areas  identified  as  being  underlain  by  unusable  carbonate 
rock  were  identified  by  through  drilling  and  chemical  testing 
by  the  company  and  discussed  in  their  reserves  report. 
These  areas  were  used  by  the  Commonwealth  to  focus  atten¬ 
tion  on  an  inconsistency  in  the  reserve  estimates  as  submit¬ 
ted  by  the  cement  company. 

The  travel  distance  from  this  quarry  to  the  processing 
plant  is  about  1.5  miles.  The  cement  company  also  owns  two 
other  properties  that  are  zoned  for  quarrying  and  that  are 
located  within  reasonable  travel  distances  of  their  plant.  Both 
of  these,  with  a  combination  total  of  more  than  308  acres, 
contain  reserves  of  limestone  of  suitable  quality  for  the 
manufacture  of  cement. 

EARLY  NEGOTIATIONS 

In  an  effort  to  start  negotiations  toward  a  settlement  of 
damages,  PennDOT  made  a  preliminary  offer  that  considered 
the  loss  of  real  estate,  but  did  not  include  any  provisions  for 
the  loss  of  reserves.  The  cement  company  rejected  the  offer, 
arguing  that  the  condemnation  created  a  sizable  loss  in  their 
reserves  and  would  result  in  a  significant  reduction  in  the  life 
span  of  their  plant.  The  company  inferred  that  a  situation  of 
this  kind  may  have  been  resolved  in  the  past  by  purchasing 
additional  land  containing  suitable  raw  materials.  In  fact, 
such  a  policy  had  been  undertaken  by  the  company  as  early 
as  1917  and  had  proven  to  be  successful  until  recent  years. 
At  that  time  conditions  changed  drastically  because  of  en¬ 
vironmental  restrictions  and  zoning  ordinances  that  practi¬ 
cally  outlawed  any  chance  to  expand  quarry  operations.  The 
company  stated  further  that  permission  to  quarry  on  land 
previously  acquired  for  that  purpose  had  been  turned  down 
recently  by  a  ruling  that  restricted  the  land  to  residential 
use.  The  consensus  of  opinion  within  the  Commonwealth  was 
that  the  company’s  argument  was  valid  and  that  the  original 
offer  for  damages,  as  proposed  by  the  Commonwealth,  would 
have  to  be  revised  upward  in  order  to  arrive  at  a  fair  and  just 
solution. 

The  next  development  of  consequence  occurred  when  the 
company  submitted  their  estimate  of  damages  as  prepared  by 
an  outside  appraiser.  In  estimating  damages,  the  unity  of  use 
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Figure  1  Plan  view  of  cement  company  quarry. 


theory  was  applied.  This  theory  regards  all  of  the  interrelated 
parts  of  a  process  as  being  essential  to  the  desired  objective. 
In  this  case,  raw-material  reserves,  quarry  equipment,  plant, 
and  properties  were  the  parts  essential  to  the  manufacture  of 
cement.  The  effect  of  the  condemnation  was  not  merely  the 
loss  of  a  limited  amount  of  property  and  the  reserves  therein, 
but  was  more  widespread  because  it  reduced  the  value  of  the 
plant  and  equipment  by  shortening  their  economic  life. 

DISCREPANCIES  OF  RESERVE 
ESTIMATES 

The  company  estimated  that  the  limestone  reserves  avail¬ 
able  from  all  properties  for  use  in  their  cement  plant  were 
equivalent  to  45.5  years  of  life  before  the  condemnation.  This 
was  based  upon  the  rate  of  production  in  effect  at  the  time  of 
the  condemnation.  The  loss  of  reserves  resulting  from  the 
condemnation  was  estimated  to  be  about  7.6  million  tons. 
This  loss  represented  more  than  27  percent  of  their  total 
reserve,  and  was  equivalent  to  about  12.5  years  of  the  ex¬ 
pected  life  of  their  plant.  Using  these  data,  the  depreciation 
to  plant  and  equipment  amounted  to  about  8  percent.  When 
used  in  combination  with  a  so-called  “minimum  value”  as¬ 
signed  to  the  plant,  as  taken  from  the  records  at  the  county 
assessment  office,  the  estimate  of  damages  ballooned  to  5 
times  that  of  the  Commonwealth’s  original  offer.  The  com¬ 
pany  further  suggested  that,  in  the  event  of  a  comprehensive 
market  appraisal  of  the  plant,  damages  could  be  expected  to 
increase  by  a  significant  amount  over  this  preliminary  esti¬ 
mate. 

At  this  point  the  PennDOT  requested  that  the  Pennsylva¬ 
nia  Geological  Survey  assist  them  by  reviewing  the  reserve 
situation  as  presented  by  the  company.  This  request  was 
approved  by  the  Director  of  the  Survey  and  assigned  to  the 
Mineral  Resources  Division  for  investigation.  The  company 
was  very  cooperative  in  sharing  their  analyses  and  drill  hole 
data. 

Reserves,  as  defined  by  the  Survey  for  this  investigation, 
are  quantities  of  quarryable  stone,  measured  in  tons,  that 
can  reasonably  be  assumed  to  exist  according  to  the  drill 
records,  and  which  can  be  used  for  manufacture  of  cement 
with  the  existing  technology  at  the  plant  and  with  the  eco¬ 
nomic  conditions  that  prevailed  at  the  time  of  the  condemna¬ 
tion. 

The  initial  phase  of  the  investigation  was  a  review  of  the 
estimate  by  the  cement  company  of  reserves  lost  because  of 
the  condemnation.  During  this  phase,  it  became  evident  that 
all  carbonate  rocks  penetrated  by  drill  holes  in  this  area  were 
classified  as  reserves.  This  posed  a  serious  question,  because 
as  a  general  rule,  the  magnesium  carbonate  content  of  a 
limestone  is  critical  when  it  is  being  used  in  the  manufacture 
of  cement.  While  this  content  will  vary  from  plant  to  plant, 
depending  upon  the  availability  of  other  raw  materials  and 
the  processing  methods  being  used,  the  upper  limit  for 
magnesium  carbonate  normally  does  not  exceed  6.3  percent 
(O’Neill,  1964).  The  obvious  effect  of  disregarding  this  factor 
increases  the  tonnage  of  reserves  lost  from  the  condemna¬ 
tion.  But  to  clarify  this  matter  satisfactorily,  other  questions 
also  had  to  be  answered.  For  example,  did  the  company 
quarry  waste  stone  for  any  other  use?  If  not,  had  plans  been 
developed  to  do  this  at  the  time  of  the  condemnation?  The 
answers  to  these  questions  were  deferred  until  a  meeting 
between  representatives  of  the  company  and  the  Commmon- 
wealth  could  be  arranged. 


In  the  meantime,  the  Survey  elected  to  continue  its  re¬ 
view.  Upon  examining  the  reserve  estimates  for  the  non- 
condemned  part  of  the  property,  it  was  evident  that  a 
different  set  of  chemical  specifications  had  been  used  by  the 
company.  Figure  2  illustrates  this  point.  Cross-section  A-A1 
trends  northeast-southwest  through  a  buffer  zone  and  part  of 
the  condemned  parcel.  Three  levels  representing  the 
benches  to  be  developed  in  the  quarry  are  shown  by  the 
heavy  horizontal  lines.  The  height  of  each  bench  is  50  feet 
except  for  the  upper  one  where  irregularities  in  surface  to¬ 
pography  cause  some  variations.  Because  the  company 
drilled  and  blasted  down  to  the  floor  of  each  bench,  the 
carbonate  content  of  the  rock  on  each  level  was  important. 
The  numbers  opposite  each  drill  hole  in  Figure  2  represent 
the  analyses  of  the  stone  penetrated  on  each  level.  The 
upper  number  represents  the  percentage  of  calcium  carbo¬ 
nate;  the  lower  number,  the  percentage  of  magnesium  carbo¬ 
nate.  Despite  the  vast  differences  in  these  compounds  as 
reported  for  the  stone  in  section  A-A1,  all  carbonate  rocks 
had  been  classified  as  reserves  by  the  company.  Drill  hole  11 
is  a  good  example.  It  is  located  on  the  southwest  end  of 
section  A-A1  and  shows  that  carbonate  rocks  containing  high 
percentages  of  magnesium  carbonate,  ranging  from  17.6  to 
40.8  percent,  occur  from  the  surface  down  to  the  bottom  of 
the  second  level.  Buried  below  this  interval  is  a  section  of 
high-calcium  limestone. 

A  different  interpretation  was  applied  by  the  company  for 
section  B-B1.  This  section  in  plan  view  crosses  non-con- 
demned  land  with  its  westernmost  part,  represented  by  drill 
holes  25  and  26,  falling  within  an  area  that  was  classified  as 
unusable  stone  (Fig.  1).  Note  the  similarities  between  drill 
hole  11  in  section  A-A1  and  drill  holes  25  and  26  in  section 
B-B1  (Fig.  2).  From  the  Survey’s  viewpoint,  the  chemical 
quality  of  the  stone  as  penetrated  in  these  three  holes  is 
quite  similar,  yet  in  one  case  it  was  classified  as  usable,  and 
in  other  cases  as  unusable.  This  constituted  an  inconsistency 
that  needed  to  be  resolved  before  proceeding  further.  The 
Survey,  therefore,  recommended  that  a  meeting  between 
representatives  of  the  company  and  the  Commonwealth  be 
arranged. 

Several  meetings  were  subsequently  held  and  proved  use¬ 
ful  because  they  established  criteria  that  were  critical  in 
evaluating  the  reserves.  For  example,  the  chemical  specifica¬ 
tions  of  a  limestone  used  to  manufacture  cement  at  the 
company’s  plant  were  set  as  follows:  (1)  The  minimum  per¬ 
centage  of  calcium-carbonate  in  the  limestone  feed  to  the 
plant  had  to  average  in  the  high  80s.  (2)  The  magnesium 
carbonate  content  of  the  feed  could  not  exceed  an  average  of 
4.5  percent.  In  order  to  meet  this  latter  requirement,  lime¬ 
stone  containing  more  than  9  percent  magnesium  carbonate 
was  not  to  be  used  because  past  experience  at  the  plant  had 
demonstrated  that  it  was  almost  impossible  to  blend  stone  of 
such  quality  with  the  low  magnesium  limestone  and  come  up 
with  an  acceptable  feed. 

Several  other  important  points  were  established.  One  of 
these  pertained  to  the  thickness  of  waste  stone  that  could  be 
removed  economically  to  reach  usable  limestone.  The  com¬ 
pany  representatives  were  reluctant  to  set  a  firm  figure  in 
this  matter,  but  after  detailed  discussions,  the  Common¬ 
wealth  elected  to  eliminate  any  usable  limestone  that  was 
buried  beneath  the  equivalent  of  a  50-foot-bench  level  of 
waste.  For  example,  drill  holes  6,  7,  10,  and  11  in  section  A- 
A1  (Fig.  2)  show  stone  that  does  not  meet  the  desired  chemi- 
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Figure  2  Vertical  sections  showing  chemical  composition  by  levels. 
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cal  specifications.  In  hole  6  the  calcium  carbonate  content 
falls  below  specifications.  In  holes  7,  10,  and  11,  the  magne¬ 
sium  carbonate  content  exceeds  the  critical  level.  The  only 
holes  in  this  section  that  show  suitable  stone  on  the  first 
level  are  8  and  9.  And  it  is  interesting  to  note  that  the 
magnesium  carbonate  content  in  these  holes  on  the  second 
level  does  not  meet  the  required  specifications.  The  accept¬ 
able  stone  below  the  second  level,  therefore,  has  to  be  con¬ 
sidered  unusable. 

The  principal  controls  ultimately  used  by  the  Common¬ 
wealth  in  estimating  usable  stone  were:  (1)  chemical  specifi¬ 
cations  and  (2)  the  bench  system  used  in  quarrying.  The 
broad-lined  drill  hole  intercepts  in  section  A-A1  show  where 
acceptable  stone  occurs  in  the  upper  levels,  or,  as  defined  by 
the  broken  vertical  lines,  where  acceptable  stone  occurs  be¬ 
low  the  third  level.  The  off-grade  chemistry  listed  for  hole  6 
may  well  represent  a  lateral  change  in  composition  of  the 
rock.  This  is  a  distinct  possibility  because  the  Kinzers  Forma¬ 
tion  is  known  to  have  rapid  changes  in  chemistry  in  both 
lateral  and  vertical  directions. 

Section  B-B1  (Fig.  2),  which  was  prepared  by  the  company 
before  the  condemnation,  illustrates  conditions  in  the  south¬ 
ern  part  of  the  quarry.  At  the  time  of  condemnation  the 
quarry  had  been  extended  westward  on  the  first  level  to  a 
line  immediately  west  of  hole  24.  It  is  easy  to  imagine  that 
the  dashed  contact  which  starts  below  the  floor  of  the  second 
level  in  hole  23  and  continues  updip  to  the  surface  at  hole  20 
was  the  footwall  of  a  zone  of  acceptable  ore.  It  is  of  interest 
to  note  that  the  second  level  of  the  quarry  in  this  section  has 
been  excavated  and  is  confined  to  the  area  between  holes  22 
and  23. 

The  maximum  depth  of  quarrying  was  determined  to  be 
150  feet  or  down  through  the  third  level.  This  coincided  with 
the  depths  used  by  the  company  in  estimating  reserves. 
Further  support  for  using  this  cutoff  was  found  by  the  Survey 
upon  the  review  of  records  and  maps  of  active  and  inactive 
quarries  in  the  general  region. 

The  marketing  of  waste  stone  by  the  cement  company  for 
aggregate,  refractory  dolomite,  or  other  uses  was  also  re¬ 
solved.  First,  the  public  records  show  that  an  agreement 


signed  with  a  nearby  producer  of  refractory  dolomite  pre¬ 
vented  the  cement  company  from  competing  in  this  market. 
In  addition,  the  cement  company  had  established  a  policy 
that  prevented  it  from  competing  with  customers  who  were 
directly  involved  in  marketing  aggregates.  The  absence  of 
these  markets  prevented  the  company  from  removing  any 
significant  tonnage  of  waste  to  reach  “buried”  reserves. 

RESOLUTION  OF  THE  CONFLICT 

Ground  rules  being  established,  the  Survey  proceeded  to 
estimate  reserves  of  limestone  that  would  be  suitable  for  use 
in  the  cement  plant.  The  estimate  was  made  for  the  property 
upon  which  the  active  quarry  is  located  and  the  two  other 
properties  in  the  area  that  contained  quality  limestone.  Table 
1  compares  the  estimated  reserves,  years  of  plant  life,  and 
the  percentage  of  total  reserves  on  the  condemned  parcel  as 
calculated  by  the  company  and  the  Survey.  Sharp  differences 
are  apparent,  especially  in  the  case  of  the  reserves  on  the 
condemned  parcel.  The  company  figure  is  7.6  million  tons, 
whereas  the  Survey  calculations  show  it  contains  only  1.42 
million  tons.  The  company  estimate  represents  12.5  years  of 
plant  life;  the  Survey’s  estimate  is  drastically  lower  at  2.3 
years  of  plant  life.  Finally,  the  company  calculations  show 
that  the  condemned  reserves  amount  to  27.5  percent  of  the 
total;  the  Survey  calculations  indicate  they  amount  to  4.7 
percent. 

The  Survey  estimate  was  used  by  the  Penn  DOT  to  reap¬ 
praise  the  damages  to  be  awarded  to  the  company,  and 
within  a  relatively  short  period  of  time,  the  principals  in¬ 
volved  concluded  a  formal  agreement  and  the  case  was 
closed. 
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GROUND  VIBRATION  CONTROL  IN  QUARRY  BLASTING 

Clayton  L.  Bolton,  Jr. 

New  York  State  Department  of  Transportation 


ABSTRACT 

In  the  vicinity  of  residential  areas,  blasting  vibration  is  one 
of  the  most  frequent  complaints  about  mining  operations.  At 
the  limestone  quarry  in  East  Kingston,  New  York,  the  vibra¬ 
tion  problem  is  compounded  by  the  complexity  of  the  struc¬ 
tural  geology  of  the  quarry  bedrock  and  the  location  of  the 
hamlet  of  East  Kingston  on  a  clay  deposit  to  the  east  of  and 
immediately  adjacent  to  the  quarry. 

The  solution  to  the  blasting  problem  was  obtained  in  the 
following  manner: 

1.  An  exhaustive  seismic  monitoring  program  was  in¬ 
itiated; 

2.  The  “Scaled  Distance’  was  computed  for  every  blast; 

3.  Records  of  complaints  by  residents  of  East  Kingston 
were  related  to  the  computed  Scaled  Distance  and  to 
the  measured  particle  velocity  for  the  quarry  blasts; 

4.  From  the  above  data,  the  vibration  particle  velocity 
was  determined  at  which  no  complaints  were  recorded; 
and, 

5.  The  Scaled  Distance  computed  for  these  no-complaint 
blasts  was  then  utilized  to  determine  the  explosive 
loadings  for  blasts  in  various  sections  of  the  quarry. 

For  this  problem,  the  answer  was  the  use  of  a  Scaled 
Distance  of  30  to  determine  the  maximum  pounds  of  explo¬ 
sive  per  delay  to  maintain  a  maximum  vibration  particle 
velocity  of  0.2  inches  per  second. 

Seismic  monitoring  is  continuing  to  insure  that  the  vibra¬ 
tion  limit  is  achieved.  Quarry  production  has  been  main¬ 
tained  and  complaints  have  been  drastically  reduced. 
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PLATE  TECTONICS  AND  INDUSTRIAL  MINERALS 


Kevin  Burke 

State  University  of  New  York  at  Albany 


ABSTRACT 

It  would  be  wrong  to  suggest  that  the  recognition  of  the 
plate  structure  of  the  lithosphere  15  years  ago  has  had,  or 
can  be  expected  to  have,  much  impact  on  exploration  for 
industrial  minerals  or  on  their  exploitation. 

The  distribution  of  many  industrial  minerals  can  be  related 
to  plate  structure.  Thus  the  world’s  largest  bodies  of  evapo- 
rites  are  localized  in  rifts  associated  with  the  opening  of 
oceans,  and  talc  deposits  are  largely  concentrated  at  su¬ 
tures — places  where  oceans  have  closed. 

Plates  move  across  climatic  zones  and  the  distribution  of 
thick  limestones,  evaporites,  glacial  and  fluvio-glacial  deposits 
can,  for  this  reason,  be  to  some  extent  related  to  plate 
motion.  Maps  showing  the  former  positions  of  the  continents 
through  much  of  the  Phanerozoic  illustrate  these  relations. 
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Quantitative  Analysis  of  the  Herkimer  Formation 
(Upper  Silurian)  in  the  Subsurface 
of  Central  New  York  State 


by  Kathie  J.  Beinkafner 


ABSTRACT 

The  Herkimer  Formation  has  been  mapped  and  described  from  the  outcrops  of  eastern  New 
York  State  by  Donald  Zenger,  who  recognized  six  microfacies  within  it  and  who  subdivided  it  into 
the  Jordanville  and  Joslin  Hill  Members.  In  this  study,  the  Herkimer  is  traced  into  the  subsurface 
and  its  boundaries  and  variations  defined,  using  data  from  approximately  60  wells  in  an  area  of 
6,000  square  miles  south  of  the  outcrop  belt.  Gamma-ray  logs,  well  cuttings,  and  lithologic 
descriptions  are  used  for  correlation  from  outcrop  to  subcrop  and  well  to  well  throughout  the  area. 

Computer  methods  of  trend  surface  and  cluster  analysis  are  employed.  Trend  surface  analysis  is 
used  to  delineate  trends  on  structure,  isopach,  and  shale/ (sandstone + carbonate)  ratio  maps.  Four 
variations  of  Q-mode  cluster  analysis  for  nonquantitative  data  are  used  to  group  and  compare 
sample  descriptions.  Computer-generated  groups  of  subsurface  samples  are  similar  to  Zenger’s 
surface  microfacies.  The  microfacies  can  be  correlated  for  a  distance  of  some  miles  by  gamma-ray 
log  examination  and  computer  comparison  of  sample  similarities.  From  correlation  and  lithologic 
descriptions  it  is  possible  to  establish  an  offlap-onlap  sequence  with  marine  sediments  in  the  west 
and  beach  sediments  in  the  east. 

The  geographic  distribution  of  diagenetic  mineralization  (hematite,  dolomite,  pyrite)  is  found  to 
be  related  to  the  temporal  distribution  of  Zenger. 

Consideration  is  given  to  the  structural  and  stratigraphic  location  of  natural  gas  traps  in  the 
Herkimer. 


1 


INTRODUCTION 

The  Herkimer  Formation  is  the  uppermost  unit  of 
the  Clinton  Group  in  eastern  New  York  State  and 
crops  out  in  an  east-west  band  in  southern  Oneida  and 
Herkimer  Counties  (figure  1).  The  Clinton  Group  in 
New  York  straddles  the  boundary  between  the  Lower 
and  Upper  Silurian.  Fossil  evidence  indicates  that  the 
Herkimer  is  Late  Silurian  in  age.  Herkimer  lithologies 
were  first  mentioned  by  Eaton  in  1828.  He  recognized 
the  “Grey  Band’  in  eastern  and  “Ferriferous  Sand- 
rock”  in  western  outcrop  areas  now  identified  as  the 
Herkimer  Formation.  Vanuxem  (1842)  recognized  the 
equivalence  of  these  two  rock  units.  Chadwick  (1918) 
applied  the  name  “Herkimer  Sandstone”  to  Eaton’s 
“Grey  Band”  and  selected  as  the  type  locality  the  ex¬ 
posure  along  Steel  Creek  in  Ilion  Gorge,  5  miles 
southwest  of  Herkimer.  Chadwick  considered  the 
Herkimer  equivalent  to  the  Irondequoit  Limestone  of 
western  New  York,  whereas  Ulrich  and  Bassler  (1923) 
considered  it  equivalent  to  the  Rochester  Shale.  Gil¬ 
lette  (1947)  correlated  the  Herkimer  and  Rochester  on 
the  basis  of  the  occurrence  of  the  ostracode  Parachima 
spinosa.  Dale  (1953)  and  Grossman  (1953)  described 
the  Herkimer  Formation  in  the  Rome  and  Utica  quad¬ 
rangles.  Rickard  and  Zenger  (1964)  identified  the 
Herkimer  farther  east  in  the  Richfield  Springs  quad¬ 
rangle.  Zenger  (1966)  proposed  usage  of  the  term 
“Herkimer  Formation”  with  an  eastern  Jordanville 
Member  and  a  western  Joslin  Hill  Member  (figure  2). 
The  Jordanville  Member  is  a  resistant  quartzarenite 
forming  a  waterfall  at  the  type  section  along  the  main 
branch  of  Flat  Creek  2.5  miles  north-northwest  of  Jor¬ 
danville.  The  type  section  of  the  Joslin  Hill  Member  is 
along  the  south  branch  of  Moyer  Creek  where  fossil- 
iferous  sandstone  with  considerable  variation  in  shale, 
carbonate,  hematite  and  pyrite  content  is  found. 

Berdan  and  Zenger  (1965)  report  the  presence  of  the 
ostracode  Drepanellina  clarki  in  the  uppermost  Joslin 
Hill,  thereby  correlating  the  Herkimer  with  the  Clin¬ 
ton  of  more  southerly  parts  of  the  Appalachian  Basin. 
The  presence  of  this  fossil  in  the  Herkimer  and  its  ab¬ 
sence  in  the  Rochester  may  suggest  that  the  upper¬ 
most  Herkimer  is  younger  than  the  uppermost  Roch¬ 
ester.  Zenger  (1971)  described  the  lithology, 
stratigraphy,  and  paleontology  of  the  outcropping 
Herkimer  Formation  and  the  underlying  Kirkland 
Dolostone  (figure  2).  Muskatt  (1972)  correlated 
measured  sections  from  the  Clinton  Group,  analyzed 
paleocurrent  data  and  interpreted  the  environment  of 
deposition. 

In  contrast  to  the  surface  outcrop  studies,  very  little 
information  on  the  subsurface  Herkimer  has  been 


published.  The  New  York  State  Geological  Survey  has 
well  records  (Kreidler  and  others,  1972)  and  lithologic 
logs  indicating  unrefined  “calls”  on  the  presence  of  the 
Herkimer  Formation  in  the  subsurface.  This  informa¬ 
tion  suggests  that  the  Herkimer  dips  to  the  south  ap¬ 
proximately  100  feet  per  mile.  Muskatt  (1969)  traced 
the  Herkimer  in  a  few  wells  near  the  outcrops. 

The  Herkimer  Formation  is  eroded  to  the  north, 
may  be  equivalent  in  part  to  the  Shawangunk  Con¬ 
glomerate  to  the  east,  is  equivalent  to  the  Rochester 
Shale  and  Penfield  Member  of  the  Lockport  Group  to 
the  west,  and  is  of  questionable  equivalence  to  the 
Keefer  Sandstone  of  Pennsylvania  to  the  southeast. 

The  nature  of  the  upper  and  lower  contacts  of  the 
Herkimer  Formation  in  the  outcrop  remain  debatable. 
The  Jordanville  Member  is  disconformable  with  the' 
underlying  Willowvale  Shale  and  also  with  the  overly¬ 
ing  Vernon  Shale  (Salina  Group)  from  Spinnerville 
Gulf  (outcrop  12,  appendix  2)  east  to  Flat  Creek  (out¬ 
crop  14)  and  with  the  Brayman  Shale  (Salina  Group) 
farther  to  the  east.  East  of  the  Van  Homsville  outcrop 
area  (east  of  outcrops  19  and  20)  the  Brayman  Shale 
directly  overlies  the  Sauquoit  Sandstone  of  the  Middle 
Clinton  and  the  Herkimer  and  Willowvale  are  absent. 
The  Joslin  Hill  Member  has  been  considered  conform¬ 
able  with  the  underlying  Kirkland  Dolostone  west  to 
Ilion  Gorge  (outcrop  11)  by  Gillette  (1947),  Fisher 
(1960),  Muskatt  (1972,  p.  A-17-18)  and  Zenger  (1971  p. 
14).  The  lateral  discontinuity  of  the  underlying 
Kirkland  is  considered  evidence  of  a  disconformity  at 
the  base  of  the  Joslin  Hill.  The  contact  between  the 
Joslin  Hill  and  the  overlying  Ilion  Shale  of  the  Lock- 
port  Group  has  been  considered  a  disconformity  by 
Fisher  (1960)  and  Gillette  (1947,  p.  113).  Muskatt 
(1972,  p.  18A)  and  Zenger  (1971,  p.  14)  report  the 
contact  to  be  gradational. 

The  study  area  of  approximately  6000  square  miles 
is  bounded  by  the  latitudes  of  42°00'  and  43°15'N  and 
the  longitudes  of  74°30'  and  76°45'w. 

It  is  the  purpose  of  this  study  to  trace  the  Herkimer 
Formation  into  the  subsurface,  determine  the  bound¬ 
aries  and  lithologic  variation  of  the  Jordanville  and 
Joslin  Hill  members  and  describe  the  relationship  of 
the  latter  to  the  Rochester  Shale.  The  Herkimer  For¬ 
mation  was  identified  by  a  comparison  of  lithologic 
descriptions  and  gamma-ray  curves  from  Madison 
County  wells  near  the  outcrop.  These  characteristics 
were  then  used  to  trace  the  Herkimer  interval  farther 
to  the  south  and  west  in  the  subsurface.  This  study 
employs  the  computer  techniques  of  trend-surface 
analysis  to  delineate  trends  on  maps  and  cluster  anal¬ 
ysis  to  illustrate  lithologic  relationships.  Interpretation 
of  the  environments  of  deposition  and  the  occurrence 
of  natural  gas  are  based  upon  these  data. 
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COMPUTER  METHODS 

Analysis  of  Trend  Surfaces 

A  trend-surface  analysis  computer  program  was 
adapted  from  O’Leary  and  others,  (1966)  to  contour 
irregularly  spaced  three-dimensional  data  in  order  to 
make  maps  of  stratigraphic  horizons,  stratigraphic  in¬ 
tervals,  and  lithologic  ratios  from  well  data.  Input  for 
the  program  requires  longitude,  converted  latitude, 
and  data  to  be  contoured  for  each  well  and  the  map¬ 
ping  parameters  of  boundaries  and  contour  interval. 
This  program  employs  least-square  regression  to  calcu¬ 
late  equations  of  ideal  surfaces  for  degrees  one  to  six 
and  prints  out  coefficients  of  the  equations  as  well  as  a 
contour  map  for  the  desired  area.  Statistical  measures, 
including  standard  deviation,  total  variation,  variations 
explained  and  not  explained  by  the  surface,  coefficient 
of  determination,  and  coefficient  of  correlation,  were 
calculated  and  printed  for  each  surface. 

Trend-surface  analyses  were  performed  on  the  fol¬ 
lowing  data:  elevations  of  the  top  and  base  of  the 
Herkimer;  thicknesses  of  the  upper,  lower,  and  total 
Herkimer;  and  the  shale  to  (sandstone  +  carbonate) 
ratio  of  the  upper,  lower,  and  total  Herkimer.  At  least 
29  data  points  are  required  to  use  all  six  degrees  of 
equations.  To  keep  the  surface  from  exploding  at  the 
edges  of  the  map,  data  from  a  few  wells  to  the  south¬ 
east,  south,  and  west  of  the  map  were  added  to  the 
data  base.  The  trend  surface  to  the  northeast,  where 
erosion  has  removed  the  Herkimer,  was  ignored.  The 
criteria  used  in  the  selection  of  surfaces  delineating 
trends  were  qualitative.  The  lowest  degree  surface  to 
define  the  configuration  that  visually  did  not  change 
shape  with  higher  order  calculations  was  selected.  For 
example,  the  edge  of  a  basin  shown  on  second  degree 
surface  structure  contour  maps  did  not  visually  change 
in  appearance  on  higher  order  plots  so  the  second  de¬ 
gree  surface  was  chosen  to  delineate  the  trend. 

Cluster  Analysis 

Cluster  analysis  is  a  mathematical  technique  of 
grouping  samples,  based  on  the  measurement  of  vari¬ 
ables  in  samples.  A  dendrogram  graphically  displays 
the  degree  of  similarity  of  samples  and  groups.  A  com¬ 
puter  program  for  cluster  analysis  of  nonquantitative 


data  was  adapted  from  Bonham-Carter  (1967).  This 
program  requires  only  information  on  the  presence, 
absence,  or  uncertainty  of  a  variable  rather  than  a 
quantitative  determination.  Hence  the  data  are  essen¬ 
tially  binary,  requiring  a  “1”  for  presence,  “2”  for  ab¬ 
sence,  and  “0”  added  for  uncertainty.  Cluster  options 
include  the  use  of  either  of  two  similarity  coefficients 
(Sokol  and  Michener’s  simple  matching  coefficient, 
SSM,  or  Jaccard’s  coefficient,  SJ,  of  association)  and 
the  use  of  the  weighted  or  unweighted  pair-group 
methods.  Sokol  and  Michener’s  coefficient  is  found  for 
each  pair  of  samples  by  counting  p,  the  number  of 
positive  matches  for  the  variable  present  in  both  sam¬ 
ples;  n,  the  number  of  negative  matches  for  the  vari¬ 
able  absent  in  both  samples;  and  m,  the  number  of 
mismatches. 

SSM  =  (p  +  n)  /  (p  +  n  +  m) 

This  coefficient  will  link  samples  with  a  high  number 
of  negative  matches.  Jaccard’s  coefficient  uses  only  p 
and  m  and  ignores  n 

SJ  =  p  /  (p  +  m) 

and  will  link  only  samples  with  positive  matches.  The 
values  of  these  two  coefficients  range  from  1.00  for  to¬ 
tal  similarity  to  0.00  for  total  dissimilarity. 

A  similarity  matrix  is  constructed  by  calculating  the 
similarity  coefficient  for  each  possible  pair  of  samples. 
Clustering  is  achieved  by  scanning  the  similarity  coef¬ 
ficient  matrix  and  selecting  the  most  similar  samples. 
Similarity  coefficients  for  subsequent  groups  may  be 
calculated  by  the  “weighted”  method  where  large  clus¬ 
ters  carry  greater  weight  than  small  clusters  when 
combined,  or  the  “unweighted”  method  where  large 
and  small  are  considered  equally. 

An  average  measure  of  similarity  or  mean  expected 
value  of  association  (MEV)  is  calculated  considering 
the  frequency  of  I  s  and  2’s  in  the  array.  This  measure 
indicated  the  level  at  which  clustering  would  occur 
with  a  random  matrix.  Related  data  cluster  at  a  higher 
level  of  similarity  than  random  data. 

METHODS,  DATA,  OBSERVATIONS 

Data  of  two  types  were  collected  and  used  in  the 
two  computer  methods:  quantitative  values  of  eleva¬ 
tion,  thickness,  and  shale/(sandstone -(-carbonate)  ratios 
were  used  in  trend  surface  analysis;  qualitative  data 
describing  lithologic  samples  were  used  in  cluster  anal¬ 
ysis. 

Regional  Aspects 

The  Herkimer  Formation  is  identified  in  the  subsur¬ 
face  stratigraphic  framework  from  gamma-ray  and 


5 


6 


7 


,89 


.93 


90  -e8 
^  90  .78 
90  83  * 

*  *  .82 
.87 
.88 


CD 

O 


\ 


.77 


.76 

.83 

.75  '  •7T  .75 


.80 


enlarged  area 


73 

.77 


2  miles 


.73  scale 


8 


.46 

\  .30 

\  .32 
\  .33 

45  *39 

'  f  .35 

A7 

40 

.  j-  .43 
.45 

.54 

.37 

\ 

.54 

52  *  .52-47 

54.  .57* 

.38 

.53 

5? 

o 

\ 

2  miles 

enlarged  area 

\ 

.37 

_ 

i  1 

scale 

9 


lithologic  logs  of  about  60  wells.  The  unit  is  divided 
into  two  parts,  upper  and  lower,  by  the  marker,  HM, 
traced  on  gamma-ray  logs.  HM  is  used  as  the  datum 
for  the  northwest  to  southeast  cross  sections  (Plate  1). 
Depths  from  the  surface  elevation  to  these  marker  ho¬ 
rizons  are  indicated  in  Appendix  1.  These  and  other 
data  were  prepared  for  trend-surface  analysis  and  some 
selected  results  of  computer  output  are  shown  in  Table 
1. 

The  base  of  the  Herkimer  is  identified  on  gamma- 
ray  curves  by  the  characteristic  low  reading  of  the  top 
of  the  underlying  unit.  This  unit  is  the  Irondequoit 
Dolostone  in  the  west  which  grades  eastward  into  the 
Dawes  Dolostone  and  finally  into  the  Kirkland  Dolo¬ 
stone  in  the  eastern  part  of  the  study  area.  A  second- 
degree  trend-surface  contour  map  (figure  3)  illustrates 
the  regional  dip  of  the  base  of  the  Herkimer.  The  sec¬ 
ond-degree  surface  is  selected  as  most  representative 
of  the  trend  because  the  shape  of  the  surface  does  not 
change  significantly  with  higher  order  surfaces.  More¬ 
over,  the  correlation  coefficient  is  0.99  and  the  surface 
corresponds  generally  with  known  structure  at  the 
edges  of  the  map  area. 

The  top  of  the  Herkimer  Formation  was  identified 
in  the  subsurface  in  Madison  County  wells  by  picking 
the  point  at  which  the  Herkimer  Sandstone  was  re¬ 
placed  by  the  Vernon  red  shale  and  tracing  the  corre¬ 
sponding  point  on  the  gamma-ray  curve  to  the  west, 
south,  and  east.  The  second-degree  trend-surface  con¬ 
tour  map  (figure  4)  shows  the  regional  dip  of  the  top  of 
the  Herkimer  Formation.  Contoured  with  an  interval 
of  800  feet,  the  maps  of  the  top  and  base  of  the  Herki¬ 
mer  have  similar  slopes  that  display  low  regional  dip. 

The  second-degree  trend-surface  isopach  map  (figure 
5)  shows  an  increase  in  thickness  from  the  east  to  the 
west.  The  unit  is  thickest  in  the  Juli  well  (#4491) 
where  it  is  143  feet  thick;  the  thinnest  complete  sec¬ 
tion  is  in  the  Finch  well  (#4364)  to  the  southeast 
where  it  is  59  feet  thick.  Sections  with  the  top  missing 
are  found  in  the  Hirsch  (#4073) — 67  feet,  the  Leslie 
(#4455) — 70  feet,  and  the  Campbell  well  (#4214) — 57 
feet.  Gamma-ray  curves  of  five  wells  show  that  the 
Herkimer  is  absent  and  that  the  Salina  Group  rests 
directly  on  lower  Clinton  rocks  in  the  Skramko 
(#3993),  Baum  (#4225),  Russ  (#4429),  Burkard 
(#4347)  and  Lanzilotta  (#4379)  wells. 

Second-degree  trend-surface  isopach  maps  of  the 
upper  and  lower  Herkimer  units  (figures  6  and  7)  indi¬ 
cate  a  thinning  northeastward  of  the  upper  Herkimer 
and  a  thickening  westward  of  the  lower  Herkimer.  It 
is  interesting  to  note  that  as  different  as  these  two  pat¬ 
terns  appear,  when  they  are  added  together  they  pro¬ 
duce  a  composite  closely  approximating  the  total  thick¬ 
ness  (figure  5).  This  property  is  an  additional  check  on 


the  validity  of  trend  surfaces  as  an  approximation  of 
thickness  variation. 

Lithologic  Aspects 

Lithologic  descriptions  of  40  characters  of  120  sam¬ 
ples  from  32  wells  were  used  to  construct  the  data  ma¬ 
trix  in  Appendix  3.  Commercially  prepared  sample 
descriptions  also  were  used  after  it  was  determined 
that  these  had  sufficient  information  for  nonquantita- 
tfve  analysis.  In  making  this  determination,  approxi¬ 
mately  100  duplicate  samples  were  examined  under 
40x  magnification.  A  comparison  of  the  resultant 
descriptions  and  the  commercial  ones  showed  satisfac¬ 
tory  correspondence.  Cluster  analysis  of  these  data  re¬ 
sulted  in  the  four  classifications  shown  in  four  dendro¬ 
grams  (figures  8,  9,  10  and  11). 

The  unweighted  dendrogram  of  Jaccard’s  coefficient 
(figure  8)  displays  the  four  major  lithologic  groups — 
carbonate,  siltstone,  shale,  and  sandstone.  Within  the 
carbonate  cluster,  dolomite  is  further  divided  into  a 
coarser  crystalline  to  microcrystalline  texture  and  a 
finer  microcrystalline  to  cryptocrystalline  texture.  The 
weighted  dendrogram  (figure  9)  shows  eight  clusters 
that  represent  finer  distinctions,  such  as  the  separation 
of  fossiliferous  and  unfossiliferous  grey  shales  and 
sands  of  different  sizes  and  sortings. 

Both  dendrograms  of  Sokol  and  Michener’s  coeffi¬ 
cient  (figures  10  and  11)  show  six  major  clusters  of 
shale,  siltstone,  two  carbonates,  and  two  sandstones.  A 
few  groups  of  two  to  six  samples  appear  as  transitional 
in  these  two  illustrations.  The  carbonates  in  the  un¬ 
weighted  example  (figure  10)  are  divided  by  texture; 
those  in  the  weighted  example  (figure  11)  by  composi¬ 
tion  (limestone  or  dolostone). 

The  use  of  Sokol  and  Michener’s  coefficient  is  more 
appropriate  with  this  data  because  the  absence  of  a 
particular  lithologic  character  is  as  significant  as  the 
presence,  and  the  majority  of  the  characters  are  not 
mutually  exclusive.  The  unweighted  pair-group 
method  is  preferred  over  the  weighted,  since  cluster 
size  should  not  be  a  factor  when  forming  larger  clus¬ 
ters. 

Zenger  (1971,  p.  15)  states  that  in  the  Joslin  Hill 
Member  “Shale/(sandstoneTdolomite)  ratios  range 
from  1:1  in  the  west  to  1:3  at  Moyer  Creek  (outcrop 
10).  .  .  .  ”  It  was  decided  to  plot  the  shale/ 
(sandstone Tear bonate)  ratio  in  the  subsurface.  This  ra¬ 
tio  is  estimated  directly  from  the  gamma-ray  logs  by 
applying  a  linear  scale  between  the  highest  reading  as 
the  100  percent  shale  line  and  the  lowest  reading  as 
100  percent  sandstone  and  carbonate,  ignoring  possi¬ 
ble  anomalous  lithologies,  such  as  salt,  anhydrite,  and 
bentonite.  The  ratio  was  determined  from  logs  for  the 
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Figure  8.  Cluster  analysis  of  dendrogram  of  Jaccard’s  coefficient  for  unweighted  Herkimer  samples. 
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Figure  9.  Cluster  analysis  dendrogram  of  Jaecard’s  coefficient  for  weighted  Herkimer  samples. 
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Figure  10.  Cluster  analysis  dendrogram  of  Sokol  and  Miehener’s  coefficient  for  unweighted  Herkimer  sample: 
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Figure  11.  Cluster  analysis  dendrogram  of  Sokol  and  Michener’s  coefficient  for  weighted  Herkimer  samples. 


upper  and  lower  intervals  and  calculated  for  the  total 
Herkimer  interval  as  recorded  in  Appendix  1.  Contour 
maps  for  the  shale/(sandstone  + carbonate)  ratio  are 
shown  in  figures  12,  13,  and  14. 

INTERPRETATION  OF  DATA 

HB,  HM,  and  HT  are  markers  traced  on  the 
gamma-ray  curves  that  transect  several  lithologic  units. 
In  the  northwest  the  rock  unit  below  the  top  marker  is 
a  carbonate  previously  identified  as  Lockport  Dolo¬ 
mite.  In  outcrops,  the  ostracode  Drapanellina  clarki 
indicates  that  the  upper  Herkimer  Formation  in  the 
east  is  equivalent  in  age  to  lower  Lockport  Group  in 
the  west  (Berdan  and  Zenger,  1965).  The  Herkimer 
interval  may  be  divided  into  three  depositional  phases: 
first,  sedimentation  from  a  terrigenous  source;  second, 
a  regression  of  the  sea  to  the  west  accompanied  by  a 
westward  migration  of  a  beach;  and,  finally,  carbonate 
deposition  dominating  terrigenous  sedimentation  fol¬ 
lowing  a  subsequent  eastward  transgression. 

Lithofacies  of  the  lower  Herkimer,  the  interval  be¬ 
low  the  marker  HM,  are  shown  in  figure  15.  This  sedi¬ 
mentation  pattern  illustrates  a  northeast-southwest¬ 
trending  shoreline  with  paleoslope  to  the  northwest. 
Deposition  of  the  Jordanville  Member  in  the  east  and 
the  Joslin  Hill  Member  to  the  west  is  shown.  Ripple 
mark  and  crossbedding  measurements  by  Muskatt 
(1972,  p.  A-20)  also  indicate  the  same  trend.  Muskatt 
measured  six  crossbedding  directions  in  the  Joslin  Hill 
Member,  averaging  318°  (standard  deviation  37.6°).  He 
measured  three  directions  in  the  Jordanville  averaging 
301°  (standard  deviation  38.6°).  Twenty-two  Joslin  Hill 
ripple  marks  averaged  16°  (standard  deviation  36°). 
The  presence  of  ripple  marks  and  crossbedding  sug¬ 
gests  but  does  not  confirm  a  shallow  water  environ¬ 
ment  of  deposition  for  the  Joslin  Hill.  Lithologic  varia¬ 
tion  of  quartzarenite,  subgraywackes  and  carbonate 
rocks  indicate  a  changing  environment  or  influx  of  sed¬ 
iment  from  many  sources.  Collectively  the  presence  of 
brachiopods,  bryozoans,  coelenterates,  gastropods,  os- 
tracodes,  pelecypods,  and  pelmatozoans  indicate  a 
marine  environment.  The  absence  of  ripple  marks  and 
presence  of  crossbedding,  the  presence  of  sand  dwell¬ 
ing  pelecypods  ( Moliopsis  and  Mytilarca)  reported  by 
Zenger  (1971,  p.  23)  as  well  as  the  dominant  lithology 
of  clean,  well-sorted  quartzarenite  with  rounded  grains 
suggest  a  beach  environment  for  deposition  of  the  Jor¬ 
danville. 

In  the  first  phase  of  sedimentation  the  Jordanville 
quartzarenite  beach  facies  (Zenger’s  microfacies  1)  is 
found  from  the  easternmost  outcrop  at  Van  Homes- 
ville  (#19)  to  the  westernmost  at  Spinnerville  Gulf 


(#12),  southward  to  the  Campbell  (#4214)  well  and 
westward  to  the  Decker  (#5344)  well.  The  western 
edge  of  the  Jordanville  Member  is  indicated  as  the 
shoreline.  Northward  and  westward  transport  of  ter¬ 
rigenous  sediments  from  the  eastern  source  area 
brought  predominantly  fine  sands  across  the  beach 
area  to  the  Joslin  Hill  basin  in  the  central  region.  The 
Joslin  Hill  carbonate  and  terrigenous  sediments 
(Zenger’s  microfacies  4)  occur  in  the  Lobdell  (#1160), 
Elliot  (#4050),  and  Danisevich  (#4032)  wells,  perhaps 
representing  a  quiet,  shallow-water  embayment  or  la¬ 
goon  between  the  shoreline  to  the  east  and  a  sandy 
submarine  bar  to  the  north  and  west.  Some  fine  sands 
were  deposited  late  in  the  first  phase  as  far  to  the 
northwest  as  the  Frost  (#4902)  well  and  the  Lakeport 
drill  core.  In  the  western  part  of  the  study  area,  shaly 
siltstones  of  the  Rochester  Shale  were  deposited  with 
carbonate  and  fossil  content  increasing  to  the  north¬ 
west.  These  result  from  a  combination  of  terrigenous- 
derived  sediments  and  marine  fossils.  In  the  subsur¬ 
face  the  Rochester  has  considerably  more  siltstone 
than  has  been  described  in  adjacent  outcrops. 

The  shale/(sandstone  + carbonate)  ratio  for  the  lower 
Herkimer  shows  two  areas  with  greater  than  50  per¬ 
cent  shale;  an  area  adjacent  to  the  Joslin  Hill  outcrops 
and  a  semi-circular  area  of  the  Rochester  Shale  in  the 
western  part  of  the  study  area  (figure  13).  Areas  en¬ 
compassing  ratios  less  than  1.0  are  due  to  relative  con¬ 
centration  of  sand  in  the  east  (Jordanville)  and  carbon¬ 
ate  and  silt  in  the  west  (Rochester).  The  Joslin  Hill  is 
very  dolomitic  in  outcrop,  whereas  shale  content  in¬ 
creases  in  the  subsurface. 

The  Rochester  is  distinguished  from  the  Herkimer 
by  greater  shale  and  fossil  content  and  by  lesser  silt- 
stone  and  sandstone  in  the  outcrop  and  northern  sub¬ 
crop.  In  the  southwest  part  of  the  study  area  sand, 
silt,  and  dolostone  content  increase  in  the  Rochester. 
The  fossil  content  remains  high,  distinguishing  the 
Rochester  from  the  barren  Penfield  sand  and  dolostone 
to  the  west  (beyond  the  map  area). 

Regression  of  the  sea  and  migration  of  the  beach 
about  30  miles  to  the  northwest  is  indicated  where  the 
Jordanville  Member  overlies  the  Joslin  Hill  Member 
in  the  Lobdell  (#1160)  and  Elliot  (#4050)  wells  and  in 
the  Ilion  Gorge  (#11)  outcrop.  This  regression  may 
represent  infilling  of  the  embayment  extending  the 
beach  out  to  the  submarine  bar  in  the  basin. 

The  final  phase  of  Herkimer  sedimentation  is  a 
transgression  of  the  sea  to  the  east  with  the  shoreline 
oriented  north-south  between  Ilion  Gorge  (#11)  and 
Spinnerville  Gulf  (#12)  in  the  outcrop  area  and  be¬ 
tween  the  Finch  (#4364)  and  Leslie  (#4455)  wells  in 
the  subsurface.  The  shallow  water  facies  of  the  Joslin 
Hill  occurs  as  a  sand  (Zenger’s  microfacies  2)  in  the 
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southeast  in  the  Finch  (#4364)  well  and  carbonate 
rocks  (Zenger’s  microfacies  4)  in  a  northeast  to  south¬ 
west  band  across  Otsego,  Chenango,  Cortland,  and 
Broome  Counties.  Siltstones  and  carbonate  rocks  are 
found  in  a  parallel  band  to  the  north.  Again  these  silts 
may  have  formed  an  offshore  bar  while  in  transport  by 
currents  moving  away  from  the  northeast  bordering  an 
embayment  or  carbonate  deposition  to  the  south.  Bra- 
chiopod,  crinoid,  pelecypod,  and  gastropod  fossils  con¬ 
tribute  to  all  carbonates,  but  are  most  frequent  in  the 
northwest. 

The  shale/(sandstone+ carbonate)  ratio  map  (figure 
12)  for  the  upper  Herkimer  interval  shows  a  higher 
shale  content  in  the  western  and  southern  parts  of  the 
map  area  where  the  marine  transgression  caused  the 
Rochester  Shale  to  encroach  upon  the  Herkimer.  The 
Joslin  Hill  overlapped  the  Jordanville  to  the  east  and 
became  increasingly  dolomitic,  thereby  maintaining  a 
low  ratio.  The  section  thickens  from  the  region  of  the 


Jordanville  sands  in  the  east  to  the  area  of  carbonate 
rocks  in  the  northwest. 

In  summary,  the  Herkimer  Formation  was  probably 
deposited  in  a  nearshore  environment.  The  sequence 
from  east  to  west  during  the  lower  interval  consists  of 
the  Jordanville  (Zenger’s  microfacies  1)  beach,  Joslin 
Hill  (microfacies  4)  lagoon,  Joslin  Hill  (microfacies  2) 
barrier  sands,  and  Rochester  Shale  deeper-water  sedi¬ 
ments.  The  lower  interval  is  an  offlap  sequence  and 
the  upper  interval  is  onlap.  In  the  upper  interval,  the 
beach  migrated  east,  while  the  lagoonal  carbonate  mi¬ 
crofacies  (4)  expanded  to  the  southwest,  and  the  sedi¬ 
ment  size  decreased  from  sands  to  silts. 

Separation  of  Herkimer  to  the  east  and  Rochester  to 
the  west  is  made  along  longitude  75°45'  w  (figure  14). 
The  isopach  map  (figure  5)  indicates  that  the  thickest 
section  is  in  the  northwest  and  the  thinnest  is  in  the 
southeast. 

Figure  17  shows  the  distribution  of  the  dominant 
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diagenetic  minerals:  hematite,  dolomite,  and  pyrite. 
Zenger’s  study  of  diagenetic  intergrowths  established  a 
time  sequence  of  mineralization  from  calcite,  through 
hematite,  dolomite,  chlorite,  and  silica  to  pyrite 
(Zenger,  1971,  p.  39).  The  spatial  distribution  shown 
on  the  map  (figure  17)  is  similar  to  Zenger’s  temporal 
distribution.  The  temporal  distribution  shows  the  evo¬ 
lution  of  minerals  as  the  conditions  of  Eh,  pH,  connate 
and  sea  water  composition,  and  bacterial-action  change 
through  time  on  the  sea  floor  and  at  depth  following 
burial. 

Evidence  of  an  oxidizing  environment  during  and 
immediately  after  sedimentation  of  the  coarse-grained 
eastern  sediments  is  shown  by  the  preservation  of  he¬ 
matite.  Remnants  of  the  post-burial  reducing  environ¬ 
ment  are  pyrite  and  dolomite  in  the  mudstones  and 
limestones  in  the  west,  where  anaerobic  bacteria  were 
capable  of  reducing  sulfates  to  sulfides.  The  difference 
between  the  two  zones  was  probably  produced  by  wa¬ 


ter  circulation,  shallower  depth  of  burial,  coarser  grain 
size,  and  greater  porosity  and  permeability  in  the  east. 

OCCURRENCE  OF  NATURAL  GAS 

Evidence  indicating  the  presence  of  gas  such  as 
temperature  curve  “dips”  and  drillers  recordings,  and 
measured  flows  and  records  of  natural  gas  occurrence 
are  shown  in  Table  2. 

Gas  is  trapped  in  the  Sangerfield  pool,  Madison 
County,  (figure  18),  where  the  top  of  the  Herkimer 
interval  is  a  tilted  hydrodynamic  dome.  The  actual 
elevations  of  the  top  of  the  Herkimer  Formation  do 
not  show  a  dome  with  closure  because  of  the  regional 
dip.  When  the  regional  dip  is  leveled  out  by  using  the 
sixth-degree  trend  surface,  a  dome  entrapping  gas  is 
present  (figure  18)  where  the  true  top  of  the  Herkimer 
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rises  above  the  ideal  trend  surface.  This  is  shown  by 
contouring  the  residual  values  (residual  =  predicted 
trend  surface  —  actual  value).  The  gas  occurs  in  the 
upper  part  of  the  Joslin  Hill  Member.  Porosity  may 
result  from  a  decrease  in  rock  volume  by  the  dolomiti- 
zation  of  limestone.  Gas  in  the  upper  interval  also  oc¬ 
curs  in  a  residual  high  in  the  Finen  #2  (#4048)  well. 

Gas  in  the  lower  Herkimer  interval  is  found  in  the 
Branagan  #1  (#3970),  Parteko  #1,  (#4002),  and  Albee 
(#4510)  wells.  This  gas  may  have  accumulated  in 
porosity  traps  in  zones  of  dolomitization.  Hence,  both 
structural  and  stratigraphic  traps  appear  to  occur. 

FEASIBILITY  OF  COMPUTER  USAGE 

Contouring  by  trend-surface  analysis  has  been  useful 
in  this  study  to  illustrate  the  trends  of  regional  struc¬ 
ture  and  thickness  (figures  3-7).  It  is  also  useful  in 


contouring  the  trend  of  the  shale/ (sand + carbonate) 
ratios  to  determine  the  regional  gradient  from  data 
having  extreme  variability.  Plots  of  residual  values  (the 
difference  between  the  ideal  trend  surface  and  the  ac¬ 
tual  Herkimer  surface)  proved  useful  in  defining  the 
structural  gas  trap  of  the  Sangerfield  pool.  In  the  ini¬ 
tial  computer  runs,  trend-surface  analysis  aided  in 
finding  errors  in  the  data  base  where  large  residuals 
occurred. 

Cluster  analysis  of  nonquantitative  data  was  chosen 
for  this  study  because  many  more  features  were 
described  qualitatively  than  quantitatively.  Clustering 
is  predominantly  influenced  by  lithology.  Clusters 
were  most  helpful  in  identifying  associated  characteris¬ 
tics  of  the  various  lithologies.  Cluster  analysis  is  com¬ 
plete  only  when  considered  from  the  geographic  as¬ 
pect.  Because  the  data  are  three  dimensional,  it  is 
difficult  to  draw  cluster  boundaries  on  a  map  unless 
restricted  to  a  single  time  plane. 
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Lithologic  descriptions  of  well  cuttings  are  suffi¬ 
ciently  detailed  to  identify  sample  intervals  equivalent 
to  those  microfacies  described  by  Zenger  (1971). 
Qualitative  data  arrays  proved  useful  in  cluster  analysis 
for  sample  grouping  and  comparisons.  In  this  way  the 


Joslin  Hill  and  Jordanville  Members,  defined  in  the 
surface  outcrops,  were  traced  into  the  subsurface, 
yielding  a  three-dimensional  portrait  of  the  Herkimer 
interval  of  eastern  New  York. 
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Table  1.  Trend  Surface  Analysis  Statistics  for  Selection  of 
Best  Fit  for  each  Surface 
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Table  2.  Occurrence  of  Natural  Gas 


Lease 

Permit 

Year 

Name 

Number 

Drilled 

Depth 

Indication 

Pool  Name 

Keith,  H.A.  #1 

3928 

1958 

685 

81  mcf/day  initial  flow 

Sangerfield 

Branagan,  D.L.  #1 

3970 

1960 

2703 

show  of  gas,  temperature  dip 

Elliot,  Walter 

4050 

1960 

3228  to 

3229 

gas  show 

Hirsch,  K. 

407 

1961 

5213 

35  mcf/day  initial  flow, 

5245-5255 

230  mcf/day  gas  production 
abandoned 

Letts-Miller 

1173 

1959 

1581  to 

1615 

gas  flows 

Head,  Clyde,  C. 

3981 

1959 

1651 

2  mcf/day  initial  flow, 
good  temperature  dip 

Sangerfield 

Elliot,  Douglas 

3972 

1959 

1625 

54  mcf/day  initial  flow, 

265  mcf/day  production 

Sangerfield 

Keith,  H.A.  #2 

3963 

1959 

1930 

change  in  slope  on 
temperature  curve 

Case,  E.K. 

4652 

1965 

1115 

temperature  dip 

Albee,  V. 

4510 

1964 

2160  to 

192  mcf/day  total 

2180 

well  production 

Hamilton 

Parteko  #1 

4002 

1960 

2727 

gas  flows 

Lebanon 

2753 

2777 

2783 

Finen  #2 

4048 

1961 

2483 

gas  pocket,  good 
temperature  dip 

Lebanon 

26 


APPENDIX  1 
Control  Wells 


DEPTH  IN  FEET  TO  SUBSURFACE  HORIZON  FROM  GIVEN  SURFACE  ELEVATION  (ELEV). 


ELEVATION  TYPES 


LOGS 


SURFACES 


SHALE /SANDSTONE* CARBONATE 


KB  =  KELLY  BUSHING 

G 

=  GAMMA  RAY 

HT  = 

TOP  OF  HERKIMER 

OF  =  DERRICK  FLOOR 

N 

=  NEUTRON 

HM  = 

HIDDLE  OF  HERKIMER 

GL  =  GROUNO  LEVEL 

S 

=  SAMPLE  STUDY 

HB  = 

BASE  OF  HERKIMER 

T 

=  TEMPERATURF 

NR  = 

NOT  REACHED 

UHR  =  UPPER  HERKIMER  RATIO 
L HR  =  LOWER  HERKIMER  RATIO 
THR  =  TOTAL  HERKIMER  RATIO 


NEW  YORK  STATE 


NUMBER 

LEASE  NAME 

COUNTY 

TOWN 

OPERATOR 

LOGS 

ELEV 

T 

HT 

HM 

HB 

UHR 

LHR 

THR 

443 

KESSELRING 

CHEMUNG 

VAN  ETTEN 

NYS 

NATURAL 

GAS 

G  S 

1081 

OF 

5787 

5847 

5906 

0.54 

0.33 

0.41 

478 

MAHANEY 

CAYUGA 

LEDYARD 

RESERVE  OIL 

5 

824 

GL 

2685 

2740 

28  0  0 

0.00 

0.00 

0.00 

1160 

LOBDELL,  CC 

CHENANGO 

COLUMBUS 

BRADLEY  PRODUCING  CO 

G  S 

1373 

DF 

2647 

2692 

2727 

0.33 

0.78 

0.52 

1173 

LETTS-MILLER 

MADISON 

BROOKFIELD 

NYS 

NATURAL 

GAS 

GNST 

1255 

OF 

1563 

1610 

1640 

0.66 

1.00 

0.78 

2398 

DOWE  EAST 

ONONDAGA 

VAN  BUREN 

UNKNOWN 

GN  T 

370 

GL 

254 

327 

390 

1.00 

0.66 

0.86 

3924 

OLIN,  ROBERT 

STEUBEN 

WOOOHULL 

NYS 

NATURAL 

GAS 

G  S 

1645 

DF 

6540 

6607 

6664 

0.96 

0.37 

0.68 

3928 

KEITH,  HOMER  A  #1 

ONEIDA 

SANGERFIELD 

NYS 

NATURAL 

GAS 

GNST 

1319 

GL 

1652 

168  5 

1735 

0.41 

0.47 

0.44 

3955 

NORTHRUP, JOHN  #1 

ONEIDA 

SANGERFIELD 

NYS 

NATURAL 

GAS 

G 

1276 

OF 

1527 

1557 

1604 

0.43 

1.85 

1.29 

3963 

KEITH,  HOMER  A  #2 

MADISON 

MADISON 

NYS 

NATURAL 

GAS 

GN  T 

1485 

OF 

1905 

1950 

1980 

1.12 

1.43 

1.20 

3970 

BRANAGAN,  DONALD  L.  #1 

MADISON 

LEBANON 

NYS 

NATURAL 

GAS 

GNST 

1549 

OF 

2632 

2682 

2720 

0.35 

0.32 

0.33 

3972 

ELLIOT,  OOUGLAS 

MADISON 

BROOKF I ELO 

NYS 

NATURAL 

GAS 

GN  T 

1233 

DF 

1588 

1627 

NR 

0.75 

0.00 

0.75 

3973 

SHEPARD,  JOHN 

TOMPKINS 

DANBY 

NYS 

NATURAL 

GAS 

GNS 

1295 

OF 

4960 

5022 

5080 

1.63 

1.22 

1.43 

3981 

HEAD,  CLYDE  C. 

MADISON 

BROOKFIELD 

NYS 

NATURAL 

GAS 

GN  T 

1276 

DF 

1625 

166  0 

NR 

0.61 

1.00 

0.61 

3993 

SKRAMKO ,  J 

HERKIMER 

WARREN 

BENEDUM  ET  1 

EL 

G  S 

1515 

Gl 

0.00 

0.00 

0.00 

3996 

NORTHROP,  JJ  #3 

MAOISON 

BROOKFIELD 

NYS 

NATURAL 

GAS 

GN  T 

1429 

DF 

1712 

1757 

1787 

1.00 

1.86 

1.35 

4002 

PARTEKO,  SAMUEL  F  #1 

MADISON 

LEBANON 

NYS 

NATURAL 

GAS 

GN  T 

1697 

DF 

2703 

2760 

2786 

0.54 

0.45 

0.51 

4007 

SMILEY,  JEAN  H. 

TOMPKINS 

DANBY 

NYS 

NATURAL 

GAS 

GNS 

1328 

KB 

5022 

5084 

5133 

2.33 

1.  50 

1.96 

4031 

FINEN,  GEORGE  #1 

MADISON 

BROOKFIELD 

NYS 

NATURAL 

GAS 

G 

1638 

OF 

2580 

2632 

2670 

0.49 

0.54 

0.51 

4032 

OANISEVICH,  J. 

MAOISON 

BROOKF IELO 

NYS 

NATURAL 

GAS 

GNS 

1508 

OF 

2247 

2284 

2320 

0.37 

0.41 

0.38 

4033 

NYS'  CONSERVATION  DEPT. 

MADISON 

BROOKFIELD 

NYS 

NATURAL 

GAS 

GN  T 

1707 

DF 

1967 

2010 

2044 

1.04 

1.85 

1.39 

4038 

FORO,  C.W. 

CAYUGA 

AURELIUS 

MIOWEST  OIL 

GNST 

508 

DF 

1028 

1107 

1169 

1.50 

1.50 

1.50 

4045 

SEELEY,  S.H. 

MAOISON 

LEBANON 

NYS 

NATURAL 

GAS 

GNST 

1650 

DF 

2580 

2632 

2670 

1.38 

1.00 

1.21 

4046 

SAWYER,  HARRY  O. 

MAOISON 

LEBANON 

NYS 

NATURAL 

GAS 

GN 

1746 

KB 

2790 

2844 

2880 

0.82 

0.82 

0.82 

4047 

BRANAGAN,  DONALO  L.  #2 

MAOISON 

LEBANON 

NYS 

NATURAL 

GAS 

GN  T 

1745 

KB 

2798 

2851 

2885 

1.38 

1.22 

1.  31 

NUMBER 

LEASE  NAME 

COUNTY 

TOWN 

OPERATOR 

LOGS 

ELEV 

T 

HT 

HM 

HB 

UHR 

LHR 

THR 

4048 

FINEN,  GEORGE  #2 

MADISON 

LEBANON 

NYS  NATURAL  GAS 

GN  T 

1551 

DF 

2457 

2504 

2535 

1.22 

0.82 

1.06 

4049 

SEELEY,  RAYMOND  A. 

MAOISON 

LEBANON 

NYS  NATURAL  GAS 

GN  T 

1412 

OF 

2320 

2374 

240  8 

0.82 

0.88 

0.84 

4050 

ELLIOT,  WALTER 

OTSEGO 

PITTSFIELD 

PRENSETT  CORP.,  ET  AL 

GNS 

1533 

OF 

3228 

3260 

3290 

0.13 

0.69 

0.87 

4055 

LUM,  PAUL  B.  ET  AL 

OTSEGO 

WOCESTER 

NYS  NATURAL  GAS 

G  S 

1986 

DF 

0.00 

0.00 

0.00 

4073 

HIRSCH,  K. 

DELAWARE 

FRANKLIN 

UNITED  PROD.  CO., 

GULF 

GNST 

2003 

KB 

5195 

5230 

5262 

0.79 

0.54 

0.67 

4085 

OOROSHENKO 

MAOISON 

EATON 

NYS  NATURAL  GAS 

GNST 

1565 

DF 

2286 

2332 

2375 

1.50 

1.  33 

1.41 

4130 

GRUND,  G.H. 

TOMPKINS 

ENFIELD 

NYS  NATURAL  GAS 

G  S 

1457 

OF 

4543 

4607 

4666 

0.82 

0.67 

0.74 

4185 

BIKOHSKI,  H. 

MADISON 

EATON 

NYS  NATURAL  GAS 

G  S 

1496 

OF 

2300 

2354 

2393 

0.00 

0.00 

0.00 

4203 

SCHAFFER  #2 

SENECA 

FAYETTE 

UNITED  PRODUCING 

CO. 

G  S 

542 

DF 

1328 

1386 

1468 

0.67 

0.82 

0.75 

4214 

CAMPBELL,  H.A.  +  M. W. 

DELAWARE 

HAMDEN 

GULF  OIL  CORP. 

GNS 

1754 

DF 

6670 

6698 

6727 

0.67 

0.67 

0.67 

4245 

BAUM,  EDWIN  F.,SR. 

OTSEGO 

MARYLAND 

NYS  NATURAL  GAS 

G  S 

1610 

DF 

0.00 

0.00 

0.00 

4364 

FINCH,  FOWLER 

DELAWARE 

SIDNEY 

GULF  OIL  CORP. 

G  S 

1668 

OF 

5544 

5560 

5603 

0.67 

0.43 

0.49 

4365 

JOHNSON,  M. 

CAYUGA 

SENNETT 

FRANKFORT  OIL 

S 

750 

DF 

1345 

1420 

1485 

0.00 

0.00 

0. 00 

4379 

LANZILOTTA 

DELAWARE 

ROXBURY 

GULF  OIL  CORP. 

GNST 

1845 

KB 

0.00 

0.00 

0.00 

4429 

RUSS,  W.G. 

OTSEGO 

MARYLAND 

NYS  NATURAL  GAS 

G  S 

1854 

DF 

0.00 

0.00 

0.00 

4455 

LESLIE,  CAROLINE  E. 

DELAWARE 

FRANKLIN 

GULF  OIL  CORP. 

GNS 

1496 

KB 

4540 

4577 

4610 

0.25 

0.33 

0.28 

4467 

FEE  (RICHARDSON) 

TOMPKINS 

NEWFIELO 

NYS  NATURAL  GAS 

G  S 

1051 

DF 

4547 

4610 

4666 

0.82 

0.72 

0.77 

4491 

JULI,  DONALD  W. 

CAYUGA 

AURELIUS 

MIDWEST  OIL  CORP. 

GNST 

517 

OF 

1049 

1126 

1192 

1.00 

1.00 

1.00 

4499 

COOK,  FLOYD  A. 

MADISON 

MADISON 

NYS  NATURAL  GAS 

G 

1419 

DF 

1728 

1760 

1304 

0.67 

1.00 

0.86 

4500 

PARTEKO,  S.  P.  #2 

MADISON 

LEBANON 
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PENNSYLVANIA 
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27 


Outcrop  Data' — New  York  State 


in 

t" 


© 

i> 


in 

t- 


8 


in 

m 


in 


Jib 


© 

t- 


8 

eq 


in 

pH 

eq 


a»s 

4) 

ft) 


ft) 

4) 

Si 

U 


aj 

« 

Si 

u 


z 

u 

u 

>, 

! 

o 

p 

©  x 

>, 

3tf 

3 

H  ^ 

3  ss 

o  o 

e 

© 

cn 

vi 

•C 

o 

pQ 

‘C 

H 

p 

QO 

o 

_  a*s 

1  8 

fi  s=< 

2  U 

CQ  »H 
33  “ 

3  0 

§  S 

cn 


d 

Ih 

U 

ta 


0) 

ft) 

u 

U 


_C 

O 


§  eS 
>  ‘5 
o  ^ 

+■*  6 

W3  n 

|£ 


sa 


a 

o 

z 

•< 

« 

Q 

< 

O' 

S 

i 


w 

cn 


z 

w 

£ 

1 

-2 

g 

a 

C/^ 

W 

’> 

o 

o 

•W 

CS 

ca 

c 

ca 

E 

a) 

•S 

•2 

y 

U=# 

’•a 

u 

> 

u 

D 

D 

O 

0) 

E 

o 

33 


cn 

D 

53 

> 

V) 

ft) 

e 

o 

33 

G 

<S 

> 


W 

00 


ft) 

6 

o 

33 

s 

> 


e 

.2 

o 

0 

u 

p 

§ 

ft) 

s 


a 

o 

z 

2S 

Q 

< 

Es 

O* 


U 

cn 

w 

cn 

ccT 

CS 

' — 

T3 

ft) 

0) 

® 

s 

E 

oQ 

a 

o 

o 

O 

PS 

PS 

D 

z 

z 

w 

w 

■ — ■ 

— 

■ — ■ 

■ — ■ 

« 

w 

«. 

to 

M 

bO 

bC 

feC 

C 

C 

a 

c 

•g 

-C 

•g 

"C 

Q< 

a 

a 

a 

co 

cn 

cn 

cn 

2 

2 

2 

2 

"S 

2 

2 

”S 

ca 

-C 

s 

3 

«3 

33 

o 

o 

o 

O 

2 

2 

2 

2 

t- 

© 


ft) 

bO 

a 

4) 

N 


Z 

£ 

O 

H 


"0 

t; 

c 

o 

a 

e» 

a 

$ 

c 

Si 

ft) 

2 

Si 

% 

9 

k 

> 

2 

z 

fe 

<5 


JJ 

3 

g 

cS 

Q 


3*3 

S3 

W5 


a 


F0 

a 

a 

5A 

0 

N 


>s 

4) 

o 

4) 

ft) 

ft) 

H 

Z 

& 

e« 

2 

’S 

sS 

2 

"S 

2 

S 

2 

Si 

1 

2 

Si 

2 

Si 

s 

2 

Sw 

2 

Si 

o 

c 

c 

c 

ft) 

ft) 

ft) 

ft) 

4) 

Q 

O 

O 

O 

33 

33 

X 

33 

33 

Q 

CO 

t> 

© 

00 

<55 

Q 

28 


Wiltse  Hill 


APPENDIX  3 

Q-Mode  Cluster  Analysis  Nonquantitative  Data  Matrix,  Herkimer  Samples 


z 

n 


4  cvj  ro  d  IP 


to 

UJ 

CL 

X 

d 

00 

CL 

UJ 


cl 

LU 

X 


X 

M 

<l 


d 

Q 


2: 

d 

3 

or 

z 

o 

z 


to 

>» 

-J 

d 

z 

d 

(X 

UJ 

H* 

00 

3 


UJ 

Q 

O 

X 

I 

Cf 


O 

CL 

o  ^ 

UJ  O  X 
J  UJ  o 
g.  or  «j 
X  UJ 
d  CL  CD 
1/5  O 
U,  C* 
O  UJ 
M  O  Z 
0  UJ  H 
©  (/)  U- 
JDLU 
O  O 
X  CO  w 
H*  M 

m  cl 

<*-*  UJ 
CL  S*°* 
UJ  O  O 
M  H*  d 
d  O' 
Q£  LU  d 
d  X  X 

a.  o 

UJ 

00  I-  UJ 

d  > 
d  H4 
Of  h- 
U-  UJ  CL 
Offl  w 
X  CL 
00  3  O 
M  Z  C/1 
00  UJ 
>~  >  O 
«J  CO 
d  <L 
Z  O 
UJ  U- 
H  o 

00  u, 

h  H  UJ 
Z  I-  O 

UJ  z  z 

00  UJ  UJ 
UJ  o  00 
QfH  CD 
£L  ^  <t 
UJ 

GL  Z  CL 
X  o 

UJ  3 
Z  J  UJ 
M  O  o 
JOZ 
UJ 

X  X  00 
O  O  UJ 
d  d  O' 
UJ  UJ  0l 


UJ 

— I  UJ 
a  -j 
X  CL 
<1  X 
00  d 
00 
z 


UJ  Z  Of 
00  UJ  UJ 
UJ  C/1  o 

IZ  ffl  z 

CL  d  3 

M  II  II 

CM  4  O 

UJ 

CL 

d 

o 

UJ 

OO 

3 


O 

CO 

X 

>» 

00 

UJ 


UJ 

cl 

3 

h-  I 

x  : 
uj  1 


z  z 

UJ  UJ 

h-  h- 

z  z 
o  o 
o  o 

UJ  UJ 

z  z 

o  o 


H* 

3 

h- 

H- 

Z 

0 

O 

-J 

d 

CO 

(O 

UJ 

z 

Z 

Q  UJ 

d 

h- 

UJ 

0 

X 

4 

4 

UJ 

Z 

K* 

co 

X 

— J 

LU 

4 

4 

h- 

CO 

V 

M 

0 

O 

CL 

a:  ctr  _i 

>* 

CL 

-J 

Q 

O 

O 

O 

3 

CL 

O 

to 

LU 

LU 

CO 

CO 

CO 

d 

O 

O 

(O 

-J 

h- 

K* 

4 

h- 

h- 

O 

H- 

h» 

3 

M 

X 

x  ep 

M 

CL 

CL 

-J 

CO 

CL 

CL 

X 

O 

CO 

0 

O  d 

O 

O 

w 

-J 

>» 

O 

>- 

O 

CL 

CO 

M 

-J 

O 

d 

LJ 

w 

CL  J-l 

O 

0 

3 

_j  k  < 

a 

U. 

X  0 

X 

O 

1— * 

CL 

u 

CO 

CO 

U. 

O 

CO 

O' 

0 

CM 

ro 

4 

CTv 

vD 

IV. 

CO 

CP 

O 

CM 

CM 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

4 

CO 

z 

CO 

M 

z 

d 

M  £L 

CO 

d 

CD 

UJ 

UJ 

Z  CL 

tu 

-J 

UJ 

M 

(J 

UJ 

d 

«J 

UJ 

d 

UJ 

LU 

d 

d 

X 

d 

-J 

X 

d 

z 

Z 

UJ 

CL  O 

_J 

d 

CO 

X 

d 

(O 

X 

0 

O 

t- 

O 

Z 

3 

X 

CO 

X 

CO  H* 

K- 

LU 

t~4 

3  O 

CO 

z 

CO 

z 

CO 

CO 

H* 

h- 

a 

O 

Z 

LU 

>- 

UJ 

>» 

UJ 

O 

d 

SB 

CL  d 

0 

UJ 

d 

Q 

LU 

d 

X 

-J 

CL 

X 

3 

cn 

CD 

UJ 

ac  & 

Ul 

CL 

CL 

HH 

0 

> 

UJ 

O 

3 

3 

CL 

O  O  CL 

O 

O 

-J 

a 

CL 

X 

CL 

CO 

CO 

* 

* 

♦ 

♦ 

* 

d 

in 

UJ 

K 

00 

CP 

0 

CM 

ro 

4  IP 

P- 

4 

rt 

|>H 

(M 

CM 

CM 

CM 

CM 

CM 

CM 

00 

CL 

tu 

►— 

o 

d 

(X 

d 

X 

o 


z 

o 


€L 

X 


d 

CL 

LD 

UJ 

z 


d 

CL 

OS 


d 

CL 

© 


z 

4  o 

<3.  h" 

£L 

©  z 

3 

UJ  4 

z  o 

M  UJ 

U-  X 

UJ  UJ 

z  z 

o  o 

H-  H* 

00  00 

Q  O 

z  z 

<c  d 
00  00 

*  * 


to 

£L 

d 

z  o  z  00 

H  ©  H  UJ  UJ 

*3  a  w  j 

CL  CL 
©  d 
O 
UJ  O 
CO 

CL  >- 
CL 
O  UJ 
O  > 


CL  O 
©  h- 

X  x 

3  3 

4  M 

Q  O  « 
UJ  UJ  1 

X 


£» 

CD 


UJ  UJ 

z  z 

o  o 

h  H 
(/)  CO 

a  o 

z  z 

d  d 
CO  (O 
*  * 


UJ  UJ 

z  z 

o  o 

H*  H- 
CO  CO 

§§ 
<C  d 
CO  CO 
*  * 


M  UJ 
^  4 
d 
UJ  CL 
Z  UJ 
O  X 
4  o 
CO  -J  >- 
□  t5h 
Z  Z  -J 
d  o  m 
co  o  co 
*  * 


CO 

3 

o 

UJ 

a 

d 


<3 

CL 

d 

>•  * 
Q  4 
Z  d 
d  3 
CO  O 


0,  SB 
UJ 

©  -J 
<  _J 

4  UJ 
O  3f 
O 

U_  UJ 
X 
UJ  4 
J 

CL  Z 
X  M 
d 
CO 


cr> 

ro 


© 

ro 


|v 

ro 


4* 

ro 


ip 

ro 


CM 

fO 


CP 

CM 


© 

eu 


IP 

CM 


d 

CM 


CM 

CM 


ro 

CM 


CO 

UJ 


© 

o 


o 

X 


HWf04,lfufiS®0'OH(\Jf0 


CP 

S3 

fv 

© 

in 

4* 

ro 

CM 


M 

▼H 

CM 

ro 

CO 

CO 

CO 

CO 

CO 

4 

I- 

h> 

4 

4 

4 

4 

d 

O 

0 

0 

4 

h~ 

1- 

4 

4 

4 

CM 

ro 

4 

ip 

vO 

•fc 

O 

z 

Z 

z 

CM 

ro 

4 

CM 

ro 

4 

IP 

‘£> 

UJ 

LU 

Ul 

UJ 

LU 

M 

w 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

z  z 

u 

or 

or 

a; 

> 

>• 

> 

4 

4 

4 

4 

4 

4 

1 

1 

1 

1 

1 

d 

d 

M 

4 

4 

4 

UJ 

UJ 

UJ 

4 

4 

4 

4 

4 

4 

or 

CL 

or 

ac 

at 

0  0 

H* 

UJ 

UJ 

UJ 

z 

z 

z 

UJ 

LU 

UJ 

Ul 

UJ 

UJ 

LU 

UJ 

UJ 

UJ 

UJ 

X 

X 

X 

X 

X 

X 

d 

d 

-J 

Z 

CO 

to 

(O 

d 

d 

d 

O 

a 

a 

O 

O 

Q 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

z 

Z 

LU 

CO 

CO 

CO 

X 

X 

X 

0Q 

g 

CD 

ea 

CD 

03 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

d 

d 

LU 

O 

UJ 

UJ 

UJ 

d 

d 

d 

O 

0 

0 

O 

O 

4 

M 

4 

4 

4 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

u 

O' 

3E 

W 

V 

z 

X 

X 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

3L 

SL 

*: 

CD 

CD 

1— 

a 

UJ 

ro 

ro 

ro 

CO 

<30 

aO 

O 

0 

0 

C5 

O 

0 

ro 

ro 

ro 

ro 

ro 

GO 

CO 

00 

00 

CO 

0 

CD 

X 

cs 

4 

4 

4 

r*^ 

h- 

N. 

‘-D 

vO 

kD 

kD 

UD 

U3 

(V. 

N- 

r- 

4 

4 

CM 

CM 

CM 

CM 

CM 

CM 

N. 

hw 

Of 

r 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

cn 

CP 

CP 

CP 

CP 

CP 

er 

CP 

LU 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

IP 

GO 

a 

0O 

00 

GO 

CM 

CD 

IV 

IP 

O 

IP 

IV 

O 

O 

O 

d 

O 

O 

IP 

O 

O 

CM 

0 

& 

IV, 

S3 

O 

4 

CM 

CP 

O 

4 

CM 

vO 

IV 

CO 

CM 

CM 

ro 

fv 

CM 

N- 

*» 

00 

’X) 

U) 

kD 

r- 

rv 

fv 

IP 

v£) 

«£> 

U3 

•jQ 

vjD 

U3 

vG 

IV 

|V 

IV 

US 

IV 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

1 

IP 

1 

IP 

00 

1 

4 

1 

co 

co 

1 

eo 

1 

CM 

1 

O 

1 

ro 

1 

IP 

1 

0 

1 

IP 

1 

IV 

CM 

1 

CD 

CD 

d 

d 

1 

a 

CM 

CD 

GO 

CM 

J- 

<D 

IV 

co 

C3 

4 

kO 

CP 

CD 

4 

CM 

LA 

lO 

rv 

co 

CO 

CM 

ro 

(V 

tjO 

h» 

h- 

U> 

vjD 

vD 

kQ  N, 

fv 

ip 

IP 

■JD 

vO 

■X> 

VO 

\Q 

v£> 

vO 

vG 

IV 

*JD 

UD 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

4 

CM 

4 

CM 

CM 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

CM 

CM 

CM 

4 

CM 

CM 

4 

CM 

CM 

4 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

■H 

CM 

4 

4 

4 

4 

CM 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

CM 

CM 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

4 

(M 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

CM 

CM 

CM 

CM 

CM 

CM 

4 

CM 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

CM 

4 

CM 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

CM 

4 

4 

4 

CM 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

CM 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

CM 

4 

4 

4 

CM 

CM 

CM 

4 

CM 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

CM 

4 

CM 

CM 

4 

CM 

CM 

CM 

CM 

CM 

CM 

4 

4 

CM 

4 

4 

4 

eg 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

CM 

4 

CM 

CM 

CM 

4 

CM 

4 

4 

CM 

4 

CM 

4 

4 

CM 

CM 

4 

CM 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(M 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

rt 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

CM 

4 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

4 

4 

4 

4 

CM 

4 

4 

CM 

4 

CM 

4 

4 

4 

CM 

4 

4 

4 

4 

CM 

4 

4 

4 

4 

CM 

CM 

4 

4 

29 


APPENDIX  3 

Q-Mode  Cluster  Analysis  Nonquantitative  Data  Matrix,  Herkimer  Samples 

h  cvj  ro 

Z  «h  cm  ro 

o  e*  o' 


M  Z  Z  Z  rH  CM  fO  4  IP  UJUJUJ  H  N  n  ^  wA 

K—  XXX  H-  ►—  h- 


<* 

o 

o 

o 

X 

X 

X 

X 

X 

-1 

-J 

-J 

o 

o 

o 

o 

H 

z 

o 

3  *2 

3 

o 

o 

o 

o 

o 

<x 

< 

* 

CM 

ro 

4- 

LP 

o 

•* 

* 

* 

CM 

ro 

4 

4-4 

M 

HH 

l-H 

3 

3 

3 

rH 

CM 

ro 

4 

z 

z 

z 

z 

H 

CM 

ro 

4- 

CP 

-J 

•H 

CM 

ro 

CO 

u. 

o 

o 

o 

> 

> 

> 

> 

> 

•* 

* 

*v 

UJ 

UJ 

UJ 

UJ 

rH 

CM 

ro 

4 

LP 

*J 

rH 

CM 

ro 

z 

z 

z 

z 

z 

o 

M 

O'  oc 

>- 

>» 

>* 

>- 

UJ 

UJ 

UJ 

UJ 

UJ 

rH 

£\J 

ro 

4 

h- 

H* 

h~ 

X 

X 

X 

X 

X 

X 

X 

X 

>- 

>* 

>- 

V 

>- 

UJ 

o 

o 

o 

o 

O  UJ 

UJ 

UJ 

QC 

h- 

«sf 

UJ 

UJ 

UJ  UJ 

CO 

CO 

(O 

(O 

(O 

o 

o 

o 

a 

o 

o 

o 

CO 

CO 

CO 

CO 

UJ 

UJ 

UJ 

LU 

UJ 

Q 

a 

a 

a 

a 

CO 

X 

X 

X 

CO 

CO 

CO 

CO 

CO  M 

w 

M 

«s 

-J  Z 

a 

a 

a 

-J 

-J 

-J 

-J 

►H 

M 

HH 

►H 

h-4 

o 

a 

o 

a 

►H 

►H 

HH 

CO 

(O 

CO 

CO 

o 

o 

o 

o 

-J 

-J 

-J 

-J 

-J 

z 

z 

z 

z 

z 

CL 

o 

o 

o 

z 

z 

z 

z 

Z  -J 

4 

_J 

X 

-J  UJ 

UJ 

UJ 

UJ 

M 

HH 

M 

►H 

z 

z 

z 

z 

z 

(X 

(X 

(X 

(X 

-J 

-1 

on 

(X 

OeT 

a: 

O' 

O' 

O' 

O' 

UJ 

UJ 

14 

UJ 

UJ 

3 

3 

3 

3 

3 

X 

z 

z 

z 

X 

X 

X 

X 

X  CO 

CO 

CO 

o 

UJ  Q 

X 

X 

X 

X 

X 

X 

X 

«x 

< 

<3 

Ct 

<=£ 

o 

o 

o 

o 

-J 

-J 

hH 

►H 

4-H 

hH 

o 

o 

o 

o 

UJ 

UJ 

UJ 

UJ 

UJ 

or 

cx 

a: 

Of 

Of 

< 

M 

HH 

hH 

o 

o 

o 

o 

o  UJ 

UJ 

UJ 

M 

3  M 

cn 

c/s 

c/> 

CO 

CO  CO 

o 

CD 

a 

C3 

a 

u. 

U» 

u 

u. 

UJ 

UJ 

UJ 

X 

X 

X 

X 

Q 

a 

a 

Q 

CO 

CO 

CO 

CO 

CO 

o 

o 

o 

LS 

a 

o 

u. 

u. 

U, 

3 

3 

3 

3 

3  =J 

,D 

«J 

QC 

i-  a: 

M  UJ 

ro 

to 

fO 

K 

N> 

r^ 

CM 

CM 

C\J 

C\J 

CM 

CO 

e© 

CO 

GO 

CD 

CD 

CD 

ro 

ro 

ro 

ro 

IP 

LP 

IP 

LP 

IP 

LP 

LP 

IP 

IP 

o 

o 

CD 

o 

CD 

4 

4 

4 

4 

IP 

LP 

IP 

IP 

IP  LP 

IP 

LP 

N- 

Z  CD 

N, 

N* 

CD 

CD 

CD 

CD 

to 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

in 

IP 

IP 

N- 

N. 

N» 

r^ 

CO 

GO 

CO 

eo 

4 

4 

4 

4 

4 

ro 

ro 

ro 

ro 

ro 

X 

X 

UD 

iD 

UD 

vD 

UD 

vD  LP 

LP 

LP 

UD 

X 

CP 

O' 

O' 

o 

CD 

CD 

a 

o 

o 

o 

CD 

CD 

CD 

o 

o 

CD 

CD 

CD 

o 

CD 

CD 

a 

CD 

CD 

a 

CD 

a 

CD 

CD 

o 

o 

CD 

rH 

rH 

r-4 

H 

rH 

CM 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro  4 

4 

4 

4 

UJ  3 

ro 

to 

to 

4 

4 

-J- 

4 

4- 

J- 

-J- 

4 

4 

J- 

j 

-J- 

J- 

-J- 

4 

J- 

4 

4 

4 

4 

4 

4 

4 

J- 

J- 

4 

4 

4 

-J1 

4 

4 

J* 

•3- 

4 

4 

4 

4* 

4- 

4* 

4“ 

4- 

4*  4- 

4 

4 

4 

Q-  Z 


UJ 

O  _J 
<1  _J 


h- 

UJ 

CP 

eo 

CD 

IP 

LP 

CD 

to 

O 

CD 

IP 

LP 

CD 

CM 

O 

CM 

CP 

CD 

P- 

a 

a 

CD 

CM 

CM 

vD 

CD 

CO 

IP 

CM 

LP 

X 

CD 

CD 

X 

IP 

IP 

CM 

X 

N» 

CJ 

IP 

ro 

LP 

N. 

ro 

CD 

LP 

CD 

O 

O 

N> 

o 

3 

4 

vD 

eo 

IO 

4 

GO 

ro 

vO 

N- 

CP 

CP 

CM 

IP 

GO 

LP 

X) 

LP 

X) 

CP 

CM 

4 

LP 

X) 

CP 

O 

X» 

N. 

CD 

rH 

rH 

X 

N- 

LP 

CP 

CP 

rH 

X 

CM 

X 

o 

LP 

X 

N» 

IP 

GO 

IP 

cr 

rH 

IP 

o 

o 

a 

CD 

o 

CD 

CD 

rH 

CM 

CM 

CM 

CM 

ro 

CD 

a 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

ro 

X 

X 

X 

X 

X 

IP 

IP 

IP 

X 

X 

fN 

LP 

LP 

X 

ro 

ro 

ro 

4 

4 

IP 

LP 

X 

IP 

u 

UJ 

“T” 

IP 

IP 

LP 

LP 

LP 

IP 

LP 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

fO 

to 

ro 

LP 

LP 

LP 

LP 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

4 

4 

4 

4 

4 

X 

LP 

LP 

IP 

rH 

rH 

rH 

rH 

rH 

4 

4 

4 

4 

UJ 

-J 

X 

h- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

9 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

• 

1 

a. 

z 

CD 

CP 

eO 

CM 

IP 

IP 

CD 

h- 

CD 

O 

CD 

IP 

CO 

CM 

C3 

CM 

X) 

o 

IN 

CD 

CD 

CD 

CM 

XI 

V0 

CD 

CO 

CD 

CM 

CM 

IP 

CD 

ro 

X 

X 

LP 

CM 

a 

4 

CD 

LP 

LP 

IP 

N» 

to 

CD 

o 

CD 

CD 

N- 

X 

M 

L0 

4 

CM 

ro 

4 

eo 

4 

JD 

h» 

No 

CP 

CM 

IP 

CO 

LP 

CM 

LP 

x> 

<P 

CM 

4 

LP 

eo 

CP 

O 

X) 

Q0 

o 

CD 

<H 

X 

4 

LP 

LP 

rH 

4 

4 

X 

N» 

4 

LP 

X 

fN 

LA 

4 

IP 

O' 

4 

«4 

CP 

CD 

CD 

CD 

CD 

CD 

CD 

CM 

CM 

CM 

CM 

CM 

CD 

CD 

CD 

rH 

CM 

CM 

rH 

CM 

CM 

CM 

CM 

CM 

ro 

ro 

LP 

X 

X 

X 

X 

LP 

LP 

LP 

LP 

X 

X 

LP 

LP 

LP 

ro 

fO 

to 

ro 

4 

LP 

LP 

IP 

IP 

(/) 

4 

LP 

LP 

IP 

IP 

IP 

LP 

CM 

Pi 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

ro 

ro 

to 

LP 

LP 

LP 

LP 

CM 

CM 

CM 

CM 

CM 

CM 

C\J 

CM 

CM 

4 

4 

4 

4 

4 

X 

IP 

LP 

IP 

rH 

rH 

rH 

rH 

rH 

4 

4 

4 

4 

CD 

tH 

▼*4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

▼H 

•H 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

4 

CP 

«H 

H 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

<H 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

co 

H 

CM 

fH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

ro 

p- 

CM 

▼H 

▼H 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

vjO 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

C\J 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

CM 

ro 

LP 

tH 

■rH 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CD 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

4 

ro 

H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

•r“4 

rH 

rH 

CM 

CM 

r-4 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

ro 

ro 

tA 

rH 

•H 

rH 

rH 

•H 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

0J 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

C\J 

ro 

H 

v- i 

•H 

r4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

r-4 

rH 

CM 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

to 

tH 

tH 

T-4 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

tH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

ro 

•H 

"H 

^-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r— 4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

CP 

▼H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

•vH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

eo 

v-r 

v) 

▼-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

J 

»-4 

•*— 4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

U) 

■r-4 

«H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

0J 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

IP 

tA 

H 

•H 

rH 

rH 

tH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

H 

*H 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

■H 

CM 

rH 

rH 

rH 

4 

tJ 

■sH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

Pi 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

o 

•*H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

CM 

CM 

CM 

CM 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

•H 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

■rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

▼H 

v-r 

▼H 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CD 

«H 

•r-l 

(M 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

CP 

tH 

■H 

•rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

■«H 

rH 

rH 

rH 

rH 

rH 

ao 

H 

T A 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

▼H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

rH 

rH 

rH 

CM 

▼-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

<H 

rH 

rH 

rH 

»H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

-x> 

CM 

■rA 

«rH 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

LP 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

"H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

■H 

CM 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

«H 

<H 

rH 

CM 

rH 

rH 

4 

t*4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

ro 

•H 

CM 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

•H 

CM 

H 

’H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

r~4 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

•H 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

sH 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

■H 

■H 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

CM 

rH 

rH 

CM 

CD 

'H 

■H 

▼H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

CP 

v~t 

*—4 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

00 

■H 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

tH 

rH 

N, 

rH 

■<H 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

■H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

•H 

rH 

rH 

CM 

rH 

CM 

rH 

r-4 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

X) 

t-t 

xH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

nH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

LP 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

▼H 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

tH 

CM 

CM 

CM 

rH 

4 

rt 

tH 

•rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

tH 

rH 

rH 

CM 

CM 

CM 

rH 

o 

tH 

■ri 

r4 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

O 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

▼H 

•7-4 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

O 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

CM 

•H 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

CM 

CD 

rH 

rH 

rH 

CM 

CM 

rH 

CM 

CM 

CM 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

vH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

30 


APPENDIX  3 

Q-Mode  Cluster  Analysis  Nonquantitative  Data  Matrix,  Herkimer  Samples 

Z 

O 

m  eg  ro  4 
H 

<i  z  z  z:  ^  n  to  h  w  ro 

O  O  O  O  H  (\l 


f*H 

co 

CO 

co 

■H 

CM 

p© 

< 

<X 

«r 

CO 

00 

to 

rH 

CM 

CM 

fO 

4 

LA 

CM 

m 

4 

LA 

u. 

o 

o 

a 

.J 

.J 

rH 

£M 

PO 

4 

rH 

ey 

ro 

4 

a 

Q 

o 

rH 

CM 

P© 

H 

I- 

M 

££ 

a: 

a 

rH 

eg 

r© 

rH 

eg 

P© 

4 

LA 

X 

X 

X 

4 

or 

o' 

O' 

t X 

O' 

h» 

9- 

LU 

LU 

u 

UJ 

LU 

o 

O 

O 

O 

O 

9- 

*t 

<!' 

*3: 

o 

e> 

o 

UJ 

UJ 

UJ 

h* 

9- 

H 

9- 

J 

«j 

4 

«J 

«e£ 

*£ 

<r 

LU 

UJ 

X 

X 

X 

UJ 

LU 

-4 

-j 

«d 

4 

o 

o 

o 

o 

O 

z 

X 

X 

X 

M 

M 

M 

LU 

UJ 

LU 

LU 

LU 

3 

3 

O' 

ocr 

(X. 

CO 

(/) 

00 

CO 

M 

M 

i— i 

M 

X 

X 

X 

* 

V 

§— 

9- 

9- 

X 

X 

X 

X 

r 

X 

X 

< 

<L 

< 

«r 

<£ 

<4 

UJ 

o 

o 

o 

<=J 

(O 

m 

m 

CO 

co 

O 

o 

o 

<c 

*st 

o 

O 

o 

o 

UJ 

UJ 

LU 

UJ 

o 

o 

o 

O 

o 

M 

M 

M 

X 

z 

UJ 

UJ 

UJ 

UJ 

UJ 

X 

X 

X 

X 

X 

yj 

o 

M 

9H 

w 

3 

<* 

*3. 

*3 

<£ 

<c 

-J 

3 

3 

0£ 

or 

or 

a 

z 

X 

z 

z 

M 

M 

w 

UJ 

UJ 

X 

X 

X 

LU 

LU 

-J 

«J 

-j 

UJ 

LU 

LU 

UJ 

UJ 

Z 

M 

O' 

or 

a: 

3 

n 

“5 

O 

o 

o 

O 

o 

o 

o 

o 

a 

or 

a 

U, 

u» 

u. 

u. 

o 

Q 

o 

o 

c r 

O' 

O' 

o 

q 

CO 

to 

CO 

CD 

CD 

CD 

CD 

03 

CD 

CQ 

9” 

h» 

9— 

H® 

9— 

M 

O' 

LU 

N* 

h» 

S- 

rH 

rH 

rH 

eg 

eg 

eg 

CM 

CM 

4 

4 

4 

4 

4 

4 

CM 

CM 

CM 

CM 

rH 

■H 

rH 

rH 

N. 

N- 

K 

4 

4 

M3 

%D 

uD 

tH 

•H 

CM 

CM 

eu 

eg 

CM 

PO 

ro 

PO 

PO 

PO 

X 

co 

v.O 

U3 

JD 

cr> 

cp 

<P 

LA 

LA 

LA 

LA 

LA 

rH 

rH 

rH 

LA 

LA 

IA 

O 

o 

Q 

C3 

rH 

rH 

rH 

CO 

00 

CO 

4 

4 

P© 

P© 

P© 

9 

1 

1 

• 

I 

1 

1 

1 

• 

1 

1 

i 

C£ 

s: 

4 

4 

4 

4 

4 

4 

JD 

^0 

%D 

vD 

kD 

n- 

rw 

N- 

GO 

<50 

CO 

cr 

CP 

CP 

CP 

Q 

O 

CD 

o 

o 

o 

CD 

r© 

f© 

UD 

yD 

vO 

< 

<T 

•4 

•cl 

< 

«3 

<1 

<c 

LU 

r> 

4 

4 

4* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

V0 

vD 

go 

a. 

CL 

a. 

CL 

Q, 

£L 

a. 

CL 

CL 

Ql 

Qu 

CL 

CL  Z 


UJ 

O  ~J 
•et  _J 


9- 

UJ 

O 

LA 

MD 

eo 

CM 

CM 

^0 

O 

IA 

O 

C3 

0S 

CM 

O 

LA 

O 

LA 

n 

O 

lD 

LA 

LA 

CM 

%n 

LA 

O 

C3 

O 

LA 

LA 

LA 

CD 

O 

O 

CM 

CO 

O 

C3 

CD 

O 

O 

O 

O 

O 

z 

CM 

LA 

vO 

tH 

N* 

e© 

CP 

cr» 

K 

CM 

4 

( P 

CM 

IA 

K, 

H 

H 

CM 

PO 

■H 

e© 

rH 

CM 

O 

4 

e© 

N> 

O 

rH 

lO 

rH 

LA 

ro 

o 

rH 

rH 

P© 

CD 

CP 

o 

rH 

O  LA 

o 

V© 

<© 

•H 

o 

o 

o 

H 

CM 

IA 

IA 

H 

H 

CM 

C3 

H 

H 

H 

PO 

P© 

4 

4 

CM 

CM 

CM 

P© 

4 

rH 

rH 

CM 

eo 

CP 

s£> 

sD 

& 

M3 

f*- 

rH 

AJ 

CM 

ro 

ro 

Ljl 

UJ 

4 

4 

4 

h-4 

■H 

^=4 

H 

H 

H 

H 

H 

4 

4 

4 

LA 

LA 

LA 

CM 

CM 

CM 

eg 

IA 

LA 

LA 

LA 

IA 

LA 

LA 

LA 

CD 

o 

rH 

rH 

rH 

rH 

rH 

rH 

r=4 

rH 

rH 

rH 

X 

rH 

rH 

rH 

•H 

rH 

«H 

rH 

rH 

r-4 

rH 

rH 

rH 

UJ 

1- 

1 

1 

1 

1 

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

• 

1 

1 

1 

1 

1 

1 

| 

1 

1 

1 

1 

1 

O 

O 

CM 

CD 

CM 

co 

O 

CD 

Q 

C5 

O 

CD 

a 

X 

N- 

o 

LA 

CP 

CO 

CM 

hw 

\D 

C3 

LA 

O 

H 

CO 

N* 

LA 

O 

IA 

CM 

LA 

to 

o 

o 

LA 

LA 

CM 

CM 

LA 

O 

O 

O 

LA 

IA 

LA 

co 

LA 

GO 

O 

rH 

rH 

ro 

4 

CP 

O 

rH 

CD 

X 

M 

LA 

CM 

LA 

4 

N> 

IX 

cO 

O' 

CP 

N. 

CM 

4 

CP 

H 

LA 

N- 

o 

H 

CD 

CM 

CP 

rH 

QO 

•H 

co 

O 

4 

rH 

N- 

O 

rH 

vD 

00 

LA 

go 

vD 

vH 

%D 

■H 

rH 

CM 

CM 

ro 

< 

IA 

MD 

kD 

O 

H 

C3 

o 

o 

o 

H 

A 

LA 

LA 

H 

H 

*H 

ro 

O 

H 

H 

CM 

ro 

PO 

4 

rH 

CM 

CM 

ro 

f© 

rH 

rH 

rH 

O 

CD 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CO 

4 

4 

4 

•H 

H 

H 

H 

H 

H 

4 

4 

4 

A 

LA 

LA 

CM 

CM 

CM 

CM 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

LA 

rH 

•H 

rH 

rH 

rH 

•H 

rH 

•H 

rH 

rH 

rH 

rH 

C 3 

'sH 

H 

■H 

CM 

H 

H 

H 

■H 

H 

H 

H 

H 

H 

H 

H 

H 

*H 

H 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■sH 

rH 

•H 

CM 

rH 

rH 

■H 

rH 

<H 

rH 

rH 

4 

S 

>H 

•H 

"H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

■H 

H 

H 

H 

H 

«H 

rH 

rH 

rH 

rH 

■H 

r-4 

rH 

rH 

"H 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

H 

rH 

rH 

rH 

rH 

rH 

rH 

eO 

CM 

CM 

r4 

•H 

■H 

H 

H 

H 

H 

H 

H 

CM 

CM 

H 

H 

CM 

H 

v-4 

CM 

rH 

H 

CM 

CM 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

r4 

AJ 

IN- 

•H 

t4 

•H 

H 

H 

H 

t4 

H 

H 

CM 

v-4 

H 

H 

H 

H 

H 

H 

H 

rH 

H 

rH 

rH 

rH 

H 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

AJ 

rH 

rH 

rH 

rH 

CM 

CM 

r4 

CM 

CM 

CM 

CM 

H 

CM 

CM 

eg 

CM 

CM 

H 

CM 

CM 

H 

CM 

CM 

H 

AJ 

H 

CM 

CM 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

AJ 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

PO 

LA 

•H 

t-4 

’H 

v-4 

'H 

vH 

H 

H 

H 

H 

rl 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

4 

CM 

CM 

CM 

H 

oH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CM 

H 

H 

CM 

H 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

CM 

rH 

■H 

rH 

rH 

CM 

PO 

H 

t*4 

*f4 

H 

H 

H 

H 

H 

H 

H 

H 

CM 

H 

H 

H 

H 

rH 

H 

rH 

rH 

rH 

rH 

CM 

CM 

•H 

■H 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

eg 

PO 

•H 

CM 

CM 

CM 

H 

CM 

CM 

H 

H 

CM 

H 

CM 

CM 

H 

H 

eg 

H 

H 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

rH 

■H 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

-H 

v4 

‘H 

H 

■H 

fH 

CM 

H 

H 

CM 

■H 

H 

H 

H 

H 

CM 

H 

CM 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

H 

•H 

▼H 

-H 

H 

H 

CM 

CM 

H 

H 

H 

H 

H 

«H 

H 

H 

rH 

H 

■rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

CM 

PO 

CP 

CM 

CM 

■T'J 

■*-4 

■H 

sH 

H 

H 

H 

H 

H 

■H 

H 

CM 

H 

H 

CM 

H 

H 

CM 

H 

vH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

AJ 

rH 

AJ 

rH 

CM 

CO 

■H 

CM 

**-4 

sH 

*H 

H 

H 

H 

H 

H 

H 

H 

CM 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

r“4 

CM 

*H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

r-4 

rH 

ey 

N> 

v>4 

v4 

H 

H 

«H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

AJ 

rH 

AJ 

rH 

AJ 

UD 

CM 

CM 

'H 

"H 

H 

■HI 

H 

H 

H 

H 

H 

H 

H 

CM 

■H 

H 

CM 

*H 

H 

CM 

H 

rH 

■H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

■H 

eg 

CM 

CM 

rH 

CM 

»H 

CM 

LA 

f"4 

•H 

>H 

H 

H 

H 

H 

*H 

■H 

H 

H 

H 

H 

H 

H 

H 

t4 

H 

H 

«H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

eg 

rH 

rH 

rH 

rH 

•H 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

AJ 

4 

H 

H 

"H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

H 

■rH 

*H 

>*H 

rH 

rH 

rH 

CM 

•H 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

AJ 

PO 

r< 

▼*4 

H 

-H 

■H 

H 

H 

H 

H 

H 

r4 

■H 

H 

*H 

CM 

•H 

H 

H 

H 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

v-4 

rH 

rH 

rH 

AJ 

CM 

rH 

rH 

rH 

rH 

AJ 

CM 

CM 

«H 

rj 

f=4 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•H 

CM 

«H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

AJ 

rH 

CM 

rH 

CM 

AJ 

AJ 

t-J 

rl 

H 

■r*4 

H 

H 

H 

CVi 

«H 

CM 

CM 

H 

rl 

CM 

CM 

H 

H 

CM 

rH 

CM 

CM 

rH 

rH 

CM 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

•H 

'H 

f-4 

CM 

eg 

eg 

H 

H 

CM 

H 

H 

CM 

H 

H 

H 

H 

CM 

*H 

H 

H 

eg 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

r-4 

AJ 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

0^ 

vH 

’H 

•H 

H 

CM 

H 

H 

H 

H 

H 

H 

CM 

H 

CM 

•H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

■H 

CM 

AJ 

flO 

H 

■sH 

H 

H 

■H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

•H 

rH 

rH 

■H 

■H 

eg 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

tH 

rH 

rH 

rH 

■H 

AJ 

rH 

rH 

rH 

rH 

h- 

'Hi 

«H 

H 

•H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

vD 

•rH 

r4 

CM 

H 

CM 

H 

H 

CM 

H 

H 

CM 

CM 

CM 

H 

CM 

H 

H 

CM 

CM 

rH 

rH 

CM 

eg 

CM 

CM 

CM 

CM 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

LA 

•H 

H 

v-4 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

H 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

4 

t*C 

’H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

r4 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

PO 

■H 

CM 

CM 

CM 

H 

CM 

H 

r-4 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

■H 

rH 

eg 

CM 

CM 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

CM 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

CM 

hH 

9f“4 

H 

•H 

H 

H 

H 

H 

H 

H 

H 

H 

eg 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

•H 

•H 

CM 

CM 

CM 

•H 

H 

CM 

CM 

H 

H 

H 

H 

rl 

H 

H 

H 

CM 

H 

eg 

■H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

CM 

rH 

■H 

CM 

CM 

AJ 

AJ 

rH 

rH 

rH 

o 

■H 

•H 

^-4 

H 

H 

H 

H 

■H 

H 

H 

H 

•H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

(P 

"H 

•H 

■H 

t-4 

•H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

•H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

*H 

rH 

rH 

r*4 

H 

CM 

AJ 

CO 

H 

*r4 

H 

<H 

■H 

H 

H 

H 

H 

H 

H 

•H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

AJ 

CM 

rH 

Aw 

H 

•H 

H 

•ri 

■H 

H 

H 

■H 

H 

H 

H 

•H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

■H 

rH 

rH 

CM 

CM 

rH 

rH 

AJ 

AJ 

rH 

go 

H 

**4 

H 

H 

H 

H 

H 

H 

H 

•H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

LA 

•H 

H 

H 

'H 

•H 

H 

H 

H 

*H 

H 

H 

•H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

4 

T~) 

•H 

■H 

■H 

■H 

H 

H 

H 

H 

H 

H 

H 

H 

■H 

H 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

■H 

rH 

rH 

rH 

rH 

rH 

AJ 

rH 

rH 

rH 

rH 

•H 

P0 

*-4 

“i-4 

'■H 

■r4 

H 

H 

H 

H 

•H 

H 

•H 

H 

H 

H 

H 

H 

H 

rH 

H 

rH 

rH 

rH 

•H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

AJ 

AJ 

rH 

CM 

AJ 

CM 

CM 

CM 

CM 

■r^ 

-H 

■H 

■H 

■H 

H 

H 

H 

H 

H 

H 

CM 

H 

H 

CM 

H 

H 

CM 

H 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

AJ 

CM 

rH 

AJ 

CM 

AJ 

«H 

CM 

H 

H 

H 

H 

CM 

CM 

H 

H 

CM 

H 

H 

■H 

H 

H 

rH 

rH 

rH 

CM 

«H 

rH 

rH 

rH 

rH 

rH 

CM 

rH 

rH 

rH 

rH 

CM 

rH 

CM 

rH 

rH 

rH 

rH 

rH 

r-4 

rH 

rH 

31 


81-9102 


The 

THE 


of  the  State  of  New  York 
UCATION  DEPARTMENT 
,  New  York  12230 
1979 


A  CATSKILL  FLORA  AND  ECONOMIC  BOTANY 


I.  PTERIDOPHYTA 


The  Ferns  and  Fern  Allies 


Karl  L.  Brooks 


Bulletin  No.  438 
New  York  State  Museum 


The  University  of  the  State  of  New  York 
The  State  Education  Department 
Albany,  New  York  12230 


1979 


THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 

Regents  of  The  University  (with  years  when  terms  expire) 
1981  THEODORE  M.  BLACK,  A.B. ,  Litt.D.,  LL.D.,  Pd.D.,  D.C.L., 


L.H.D.  Chancellor  . . . . .Sands  Point 

1988  WILLARD  A.  GENRICH,  LL.B.,  L.H.D.,  LL.D. 

Vice  Chancellor  . . . Buffalo 

1986  KENNETH  B.  CLARK,  A.B.,  M.S.,  Ph.D.,  LL.D.,  L.H.D., 

D.Sc . . . . . . . Hastings 

on  Hudson 

1983  HAROLD  E.  NEWCOMB,  B.A.  . . Owego 

1982  EMLYN  I.  GRIFFITH,  A.B.,  J.D.  . . Rome 

1983  MARY  ALICE  KENDALL,  B.S.  . . Rochester 

1984  JORGE  L.  BATISTA,  B.A.,  J.D.,  LL.D . Bronx 

1982  LOUIS  E.  YAVNER,  LL.B.  . . . . ...New  York 

1986  LAURA  BRADLEY  CHODOS ,  B.A.  ,  M.  A . Vischer  Ferry 

1980  MARTIN  C.  BARELL,  B.A.,  I. A.,  LL.B . Kings  Point 

1981  JOSEPH  R.  BONGIORNO,  B.S.,  M.D  . Brooklyn 

1984  LOUISE  P.  MATTEONI,  B.A.,  M.A.  ,  Ph.D . Bayside 

1981  J.  EDWARD  MEYER,  B.A.,  LL.B . Chappaqua 

1985  ARLENE  B.  REED-DELANEY,  B.A.  ,  M.D . Albany 

1987  R.  CARLOS  CARBALLADA,  B.S . Arcade 


President  of  The  University  and  Commissioner  of  Education 
GORDON  M.  AMBACH 

Executive  Deputy  Commissioner  of  Education 
ROBERT  J.  MAURER 

Director,  State  Science  Service 
HUGO  JAMNBACK 

Chief,  Biological  Survey 
RICHARD  H.  MONHEIMER 


State  Botanist 
RICHARD  S.  MITCHELL 


EDITOR'S  PREFACE 


This  is  the  work  of  an  amateur  botanist  whose  many  years  of  col¬ 
lection  and  study  of  Catskill  plants  make  him  the  person  most  qualified 
to  produce  such  a  treatment  in  the  tradition  of  the  old  herbals .  We  at 
the  Botany  Office  of  the  New  York  State  Museum  feel  that  this  type  of 
publication  is  a  useful  adjunct  to  our  efforts  to  produce  a  comprehensive 
state  flora.  The  author's  intimate  knowledge  of  the  area  and  its  plants 
makes  this  a  valuable  work  for  those  who  are  native  to  the  Catskills,  as 
well  as  for  the  many  summer  visitors.  Medical  and  food  uses  of  plants, 
though  often  only  of  historical  interest,  round  out  the  treatment,  and 
make  this  publication  what  it  is  intended  to  be--a  source  book  for  those 
interested  in  reading  and  learning  about  the  Catskill  flora.  Indeed, 
since  the  vast  majority  of  the  plants  discussed  are  widely  distributed 
throughout  the  northeastern  states  and  adjacent  Canada,  this  work  should 
also  be  of  interest  far  beyond  the  narrow  confines  of  the  Catskill  region. 


IMPORTANT  NOTE 

All  economic  uses,  folklore,  medical  and  phar¬ 
maceutical  notes,  uses  as  foodstuffs,  etc.,  are  com¬ 
piled  from  the  literature  and  do  not  represent  an  en¬ 
dorsement  by  the  author  or  the  New  York  State  Museum. 
Some  of  the  uses  may,  indeed,  be  dangerous  if  incor¬ 
rectly  employed.  Some  are  not  effective  and  are  pre¬ 
sented  for  historical  interest  only. 
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PREFACE 


The  Catskills  have  long  been  known  for  their  unusual  beauty,  health¬ 
ful  climate,  and  their  natural  resources  for  recreation,  not  the  least  of 
which  is  their  abundant  wildlife  and  in  some  respects  a  unique  flora. 

While  it  is  true  that  a  large  percentage  of  the  plants  growing  naturally 
in  the  Catskills  also  occur  throughout  most  of  the  northeastern  states 
and  adjacent  Canada,  many  species  are  rare,  only  locally  abundant,  or  do 
not  occur  elsewhere  in  the  eastern  states.  Some  are  northern  elements 
found  only  on  the  high  peaks,  and  others  appear  to  have  been  stranded  in 
isolated  areas  following  the  retreat  of  the  last  glacier  some  10,000  years 
ago.  But  whether  rare  in  distribution  or  more  abundantly  widespread,  no 
plant  is  completely  devoid  of  interest,  and  many  have  had  a  long  and  var¬ 
ied  association  with  man  that  goes  back  over  many  millennia. 

A  study  of  the  flora  of  any  region  can  be  a  richly  rewarding  ex¬ 
perience,  and  that  of  the  Catskills  is  no  exception.  Simply  getting  to 
know  what  plants  grow  in  a  particular  area  brings  one  closer  to  an  under¬ 
standing  of  the  wonders  of  nature,  but  it  has  long  been  my  contention 
that  just  knowing  a  plant  by  name  is  only  the  beginning.  What  is  its  re¬ 
lationship  to  other  plants,  both  wild  and  cultivated?  Of  what  value  is 
it  to  man  and  to  wildlife?  Is  it  edible,  a  source  of  dye,  useful  as  a 
medicine,  or  is  it  just  an  obnoxious  weed?  How  can  it  be  prepared  for 
the  table?  For  what  was  it  prescribed?  How  can  one  get  rid  of  it?  An¬ 
swers  to  such  questions  not  only  lead  us  down  many  intriguing  paths,  but 
also  contribute  much  to  our  understanding  of  the  intricacies  of  the  bio¬ 
sphere  . 


My  work  on  the  Catskill  flora  during  the  last  quarter  of  a  century 
has  therefore  a  three-fold  objective:  (l)  to  determine  precisely  what 
species  grow  in  this  area,  (2)  to  chart  the  known  distribution  of  each 
species  in  the  Catskills,  and,  (3)  for  each,  to  collect  as  much  informa¬ 
tion  as  possible  concerning  its  value  to  man  and  to  wildlife.  These  ob¬ 
jectives  have  led  to  many  hours  of  work  in  the  field  collecting  specimens 
and  making  observations  of  the  plants  seen,  plus  countless  others  in  li¬ 
braries  and  herbaria  to  obtain  information  on  their  distribution  and  use. 

This  work  was  written  primarily  for  the  serious  amateur  with  a  de¬ 
sire  to  know  more  about  the  plants  growing  in  the  northeastern  states  and 
adjacent  Canada,  with  particular  emphasis  upon  those  occurring  in  the  Cats¬ 
kills.  In  these  times  of  increasing  concern  for  man’s  impact  upon  the  en¬ 
vironment,  the  dwindling  food  supply  in  relation  to  increased  population 
pressure  throughout  the  world,  inflation,  and  the  rising  desire  of  a  large 
segment  of  the  people  to  return  to  fundamentals,  as  it  were,  it  is  hoped 
that  the  emphasis  given  to  economic  botany,  and  to  the  importance  of  our 
native  flora  to  wildlife,  will  fill  a  basic  need.  So  far  as  the  writer  is 
aware,  this  is  the  first  time  that  detailed  information  on  food,  drug,  and 
dye  plants  has  been  assembled  in  a  compilation  that  includes  the  common 
weeds  as  well  as  the  more  obscure  components  of  our  flora  such  as  the 
grasses  and  sedges,  which  most  popular  field  guides  ignore  completely. 
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In  addition,  "plant  biographies"  summarizing  basic  data  concerning 
the'  name,  type  of  plant,  range,  distribution,  origin,  and  time  of  flower¬ 
ing  (or  fruiting)  are  provided  for  each  plant  occurring  in  the  Catskills, 
together  with  some  remarks  on  other  salient  facts  of  the  plants  in  ques¬ 
tion.  Detailed  distribution  maps  showing  by  township  the  localities  where 
each  species  has  been  observed  are  supported  by  data  culled  from  the  lit¬ 
erature  and  an  examination  of  herbarium  specimens,  in  addition  to  many 
thousands  of  observations  in  the  field.  The  citation  of  observations  is 
a  comparatively  recent  innovation  in  helping  to  determine  the  distribution 
of  the  many  species  making  up  our  flora;  in  addition,  so  far  as  the  writer 
is  aware,  never  before  have  photographs  been  cited  as  evidence  for  the  oc¬ 
currence  of  a  particular  species  in  any  given  area,  thus  placing  them  al¬ 
most  on  a  par  with  herbarium  specimens.  In  view  of  the  number  of  rare  and 
endangered  species  now  stringently  protected  by  law,  this  practice  is  like¬ 
ly  to  attain  increased  importance.  These  data,  together  with  the  keys, 
illustrations,  and  detailed  notes  on  each  of  the  various  species,  should 
help  the  serious  student  not  only  to  identify  the  plants  in  question,  but 
to  provide  the  basic  knowledge  that  will  enable  him  to  view  the  plant 
world  as  a  vital  part  of  the  planet  on  which  he  lives. 

In  collecting  and  organizing  this  information,  the  writer  has  at¬ 
tempted  to  proceed  from  the  general  to  the  more  specific,  starting  with 
the  orders  into  which  the  various  plant  families  are  organized,  then  pre¬ 
senting  some  ideas  on  their  evolution  and  possible  relationships  to  each 
other,  together  with  comments  on  both  wild  and  cultivated  plants,  in  the 
hope  that  such  an  overview  will  provide  a  more  meaningful  picture  of  each 
group  of  plants.  The  families  making  up  each  order  of  the  Catskill  flora 
are  then  presented  (in  "manual"  order),  with  an  attempt  to  relate  any  cul¬ 
tivated  plants  in  that  family  to  their  wild  cousins  before  .going  on  to  a 
discussion  of  the  wild  species  themselves.  Where  possible,  information  on 
their  economic  value  to  man  and  to  wildlife  has  been  supplied.  With  few 
exceptions,  genera  are  arranged  alphabetically  under  families,  and  species 
are  arranged  alphabetically  under  genera.  To  aid  in  the  identification  of 
the  various  species,  keys  to  genera  and  species  are  included,  and  illustra¬ 
tions  of  the  various  species  have  been  chosen  with  considerable  care. 

Some  may  object  that  such  an  accumulation  of  material  is  not  truly 
a  flora,  but  that  is  a  matter  of  definition.  In  any  case,  such  a  study  is 
not  only  its  own  reward,  but  a  knowledge  of  the  world  of  plants  and  their 
relationships  to  wildlife  and  to  man,  not  to  mention  an  enjoyment  of  the 
natural  world  as  opposed  to  the  artificial  concrete  jungles  of  our  modern 
cities,  brings  a  perspective  not  to  be  attained  in  any  other  way.  This 
may  perhaps  seem  to  be  getting  far  afield,  but  all  the  world  is  an  intri¬ 
cately  balanced  biosphere,  and  man  must  not  only  understand  its  complexities, 
but  must  also  be  able  to  accommodate  himself  to  its  demands  if  he,  himself, 
is  to  survive  as  a  species. 

A  work  of  this  nature  could  not  have  been  completed  without  the  help 
and  encouragement  of  a  number  of  people.  My  wife.  Marguerite,  has  borne 
the  brunt  of  my  numerous  idiosyncrasies,  both  as  a  constant  companion  in 
the  field  and  as  a  demanding  editor  and  critic.  The  late  Stanley  J.  Smith, 
curator  of  botany  at  the  New  York  State  Museum,  not  only  spent  countless 
hours  checking  my  specimens  and  graciously  permitted  access  to  the  state's 
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records  on  plant  distribution,  but  has  also  been  mentor  and  companion  in 
the  field  on  many  occasions,  to  say  nothing  of  his  continuing  advice  and 
encouragement  for  over  a  quarter  of  a  century.  In  addition  to  supplying 
moral  support  and  companionship  in  the  field,  Paul  Huth,  who  fell  heir  to 
the  Domville-Dunbar  records  of  the  Ulster  County  flora,  was  kind  enough  to 
check  through  several  thousand  cards  to  extract  information  pertaining  to 
collections  and  observations  made  in  the  Catskill  region  of  that  county. 

More  than  thanks  are  due  to  Elizabeth  G.  Hall,  formerly  librarian  at 
The  New  York  Botanical  Garden,  whose  vast  knowledge  of  botanical  source 
material  seems  inexhaustible  and  whose  boundless  enthusiasm  is  infectious. 
She  has  been  unfailing  in  digging  out  elusive  books  and  suggesting  sources 
of  information  in  addition  to  supplying  many  details  concerning  earlier 
workers  in  the  field.  Librarians  at  both  the  Horticultural  Society  of 
New  York  and  at  The  New  York  Botanical  Garden  have  also  been  most  help¬ 
ful.  Last,  but  in  no  way  least,  thanks  are  due  to  Patricia  Holmgren, 
herbarium  supervisor  and  administrator  of  the  phanerogamic  herbarium  at 
The  New  York  Botanical  Garden,  and  to  George  Kalmbacher,  curator  at  the 
Brooklyn  Botanic  Garden,  for  permission  to  check  specimens  in  the  herbaria 
at  those  institutions. 

The  writer  is  likewise  much  indebted  to  the  following  authors  and 
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INTRODUCTION 


The  Catskills .  To  anyone  trying  to  determine  the  area  occupied  by 
the  Catskills  with  some  degree  of  precision,  Alf  Evers'  (1972)  statement 
that  "it  is  not  easy  to  describe  the  boundaries  of  the  Catskill  Mountains" 
seems  something  of  an  understatement.  One  might  think  that  the  boundaries 
of  the  Catskill  Forest  Preserve  should  mark  the  extent  of  the  Catskills. 

By  reason  of  political  and  economic  considerations,  however,  the  Catskill 
Forest  Preserve  in  fact  not  only  occupies  only  the  eastern  half  of  the 
Catskills,  but  in  Ulster  County  also  includes  parts  of  the  townships  of 
Woodstock,  Hurley,  Ulster,  and  Olive  that  actually  lie  outside  the  Cats¬ 
kill  region  proper.  Evers  (ibid.)  is  more  nearly  correct  in  describing 
the  extent  of  the  Catskills  as  defined  by  "common  consent."  "Only  to  the 
east  and  northeast  do  the  Catskills  have  simple  natural  boundaries,"  he 
states,  where  the  escarpment  rises  abruptly  between  two  and  three  thousand 
feet  above  the  Hudson  valley,  and  where  in  "only  two  places  have  road- 
makers  breached  the  wall  and  sent  highways  winding  up  the  precipitous 
gorges  known  as  the  Kaaterskill  and  Plattekill  coves,"  but  he  is  not  quite 
correct  in  saying  that  "On  their  other  sides  the  Catskills  have  no  ob¬ 
vious  boundaries." 

"Common  consent,"  he  continues,  "accepts  the  country  around  Stam¬ 
ford  in  Delaware  County  as  forming  the  Catskills'  northwest  corner."  From 
that  point  the  common- consent  line  runs  southwest  down  the  west  branch  of 
the  Delaware  river  into  "lake-studded  Sullivan  County."  "Somewhere  in 
Sullivan  County--there  is  debate  about  just  where-- the  common- consent  line 
heads  eastward  until  it  reaches  the  foot  of  the  Shawangunk  Mountains," 
from  which  it  heads  northeast  "to  the  beginning  of  the  eastern  wall  at 
Woodstock's  Overlook  Mountain . " 

Neither  this  "common- consent  line"  nor  the  boundaries  of  the  Cats¬ 
kill  Forest  Preserve  correspond  very  closely  with  the  ideas  set  forth  by 
geologists  and  physiographers,  particularly  on  the  northern  side.  On  the 
other  hand,  at  least  initially,  both  the  Temporary  State  Commission  to 
Study  the  Catskills  and  the  Catskill  Center  for  Conservation  and  Develop¬ 
ment  went  to  the  opposite  extreme  by  including  in  the  Catskill  region  all 
of  Delaware,  Greene,  Ulster,  and  Sullivan  counties  as  well  as  all  of  Otse¬ 
go  and  Schoharie  counties  and  half  of  Albany  County.  This  was  no  doubt 
an  excellent  idea  from  the  standpoint  of  developing  a  comprehensive  over¬ 
view  for  conservation  and  preservation  of  the  natural  resources  of  that 
area,  but  it  presents  a  distorted  view  of  the  actual  extent  of  the  physio¬ 
graphic  boundaries  of  the  Catskills. 

J.  Russell  Smith,  professor  of  economic  geography  at  Columbia  Uni¬ 
versity,  dedicated  his  book  North  America  (1925)  to  three  people,  one  of 
whom  was  Nevin  M.  Fenneman,  "whose  labor  in  delineating  the  physiographic 
provinces  of  the  United  States  is  a  contribution  which  has  placed  all  geog¬ 
raphers  in  his  debt."  It  is  therefore  to  Fenneman  (1938)  that  we  turn  to 
refine  our  ideas  as  to  the  area  actually  occupied  by  the  Catskills  as  a 
physiographic  unit.  His  map  of  the  northeastern  United  States,  reproduced 
in  part  on  page  3?  shows  the  Catskill  mountains  to  be  surrounded  by  the 
glaciated  Allegheny  plateau  except  on  the  eastern  side,  where  they  border 
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the  Hudson  river  valley.  While  the  Catskills  rise  considerably  higher 
than  the  neighboring  parts  of  the  glaciated  Allegheny  plateau  and  hence 
constitute  a  distinct  unit,  they  are  nevertheless  structurally  a  part  of 
it . 


From  Fenneman's  map  it  is  at  once  evident  that  the  west  branch  of 
the  Delaware  river  does  not  form  the  northwestern  boundary  of  the  Cats¬ 
kills.  That  boundary,  at  least  from  near  Butts  Corners  to  Oneonta,  rough¬ 
ly  follows  Route  23  to  the  Susquehanna  river  valley  at  Oneonta,  below 
which  the  Catskill  escarpment  is  quite  marked  to  the  south  near  Weils 
Bridge,  Unadilla,  and  Sidney.  From  south  of  Hancock,  the  southern  bound¬ 
ary  swings  almost  due  east  across  Sullivan  County  somewhat  south  of  Lib¬ 
erty  and  across  Ulster  County  to  the  Hudson  valley  north  of  the  Shawan- 
gunks .  On  the  northern  edge  east  of  Stamford,  the  boundary  juts  north¬ 
eastward  into  Schoharie  County,  covering  parts  of  the  townships  of  Jef¬ 
ferson,  Gilboa ,  and  Conesville  and  a  corner  of  the  Town  of  Rensselaerville 
in  Albany  County  before  swinging  southeast  through  Greene  County.  As  a 
matter  of  fact,  Fenneman  himself  appears  to  have  been  somewhat  uncertain 
about  the  location  of  some  of  the  boundaries  of  the  Catskills,  for  his 
map  of  that  region  in  the  text  does  not  correspond  in  all  details,  par¬ 
ticularly  on  the  southern  edge,  with  his  final  decision  as  expressed  on 
the  map  in  the  pocket  of  the  back  cover.  In  the  text  his  map  places  the 
southern  boundary  of  the  Catskills  farther  north,  in  a  position  closely 
approximating  the  southern  boundary  of  the  Catskill  Forest  Preserve,  in 
Sullivan  County  almost  completely  eliminating  the  townships  of  Fremont, 
Callicoon,  Liberty,  Fallsburg,  Warwarsing,  and  part  of  Neversink.  This 
writer  is  of  the  opinion  that  in  Sullivan  County  the  townships  of  Rock¬ 
land  and  Neversink  unquestionably  lie  within  the  Catskill  region,  while 
the  inclusion  of  those  to  the  south  is  open  to  some  doubt.  Since  both 
the  northern  and  southwestern  limits  of  the  Catskills  are  anything  but 
sharply  defined,  however,  it  seems  best  to  accept  Fenneman's  final  deci¬ 
sion  . 


The  rocks  that  make  up  the  Catskill  mountains  consist  of  a  nearly 
horizontal  plate  which  has  eroded  but  slowly  and  still  continues  to  pro¬ 
tect  the  beds  below,  although  in  some  areas  it  has  been  deeply  carved. 
This  protecting  rock  is  a  coarse,  porous  sandstone  except  for  the  highest 
peaks,  which  are  capped  by  a  conglomerate  (very  evident,  for  example,  as 
one  approaches  the  summit  of  Slide  Mountain).  On  the  southeast  the  Cats¬ 
kill  escarpment  descends  to  the  Hudson  valley  with  a  drop,  in  places,  of 
3000  feet;  in  the  northeast  and  north,  it  descends  to  a  broad  and  deeply 
cut  bench  some  2000  feet  high,  the  local  representative  of  the  glaciated 
Allegheny  plateau.  The  whole  area  is  maturely  dissected  into  mountains 
of  diverse  height,  a  striking  characteristic  of  the  topography  being  its 
rough  terrain.  A  few  summits  are  around  4000  feet  high  but  most  of  them 
are  between  3000  and  4000  feet,  some  of  which  rise  2000  feet  above  the 
nearby  valley  floors.  Valleys  are  relatively  few  and  the  intervening 
masses  are  correspondingly  bulky. 

Rich  (1936)  clearly  describes  the  early  geological  formation  of 
the  Catskills:  "At  the  time  the  sediments  that  now  form  the  rocks  of 
the  Catskills  were  being  deposited  during  the  Late  Devonian  age,  high 
mountains  existed  in  what  is  now  New  England  and  southeastern  New  York, 


-2- 


'Ong 

w..Y©rk 


The  Catskills  are  surrounded  on  the  north,  'west,  and  south  by  the 
glaciated  Allegheny  plateau;  on  the  east  they  border  the  Hudson  river 
valley  [adapted  by  permission  from  Physiography  of  the  Eastern  United 
States  by  Nevin  M.  Fenneman,  copyright  1938  by  McGraw-Hill  Book  Company, 
New  York] . 
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and  a  shallow  sea  covered  western  New  York  and  Pennsylvania  and  extended 
into  the  Mississippi  valley.  Between  those  ancient  mountains  and  the  open 
sea,  in  the  region  now  occupied  by  the  Catskills  was  a  great  and  slowly 
sinking  delta  or  alluvial  fan  upon  which  the  rivers  from  the  mountains  to 
the  east  were  spreading  gravel,  sand  and  mud,  much  as  the  rivers  from  the 
Sierra  Nevada  mountains  are  doing  in  the  Valley  of  California  today. 

These  alluvial  materials,  which  accumulated  to  a  thickness  of  several 
thousand  feet  as  the  land  subsided,  were  relatively  coarse  on  the  eastern 
side  nearer  the  mountains,  but  became  finer,  grading  into  sand  and  mud  in 
a  westerly  or  seaward  direction.  Deposition  on  the  delta  gradually  slowed 
and  eventually  ceased  as  the  mountains  were  worn  low.  Finally,  in  the 
course  of  ages,  the  ancient  Catskill  delta  was  uplifted  and  now  stands 
higher  than  the  mountainous  region  of  New  England  whence  its  constituents 
were  derived." 

The  rocks  of  the  eastern  Catskills,  having  been  deposited  on  the 
landward  side  of  the  ancient  delta,  contain  considerable  amounts  of  coarse 
cemented  gravel  or  conglomerate,  especially  in  the  upper  beds.  These 
rocks  not  only  contain  erosion-resistant  material  such  as  quartz  pebbles, 
but  they  are  rather  porous.  Much  of  the  rain  falling  upon  them  there¬ 
fore  sinks  into  the  ground,  thus  retarding  stream  erosion.  West  of  the 
higher  peaks  the  conglomerate  grades  into  sandstone  and  the  proportions 
of  shale  become  larger.  Such  rocks  have  less  resistance  to  erosion  and 
the  mountains  have  consequently  become  more  worn,  resulting  in  a  lower 
elevation,  in  many  places  nearly  grading  into  the  glaciated  Allegheny 
plateau  on  the  north,  west,  and  south. 

Glaciation .  The  outstanding  event  of  the  Pleistocene  epoch  was 
the  glaciation  of  the  northern  hemisphere.  While,  in  the  words  of  Clark 
and  Stearn  (i960),  "We  cannot  yet  say  with  certainty  when  the  Pleistocene 
epoch  began,  . . .  the  evidence  of  the  deep-sea  cores  suggests  that  the 
event  was  closer  to  500,000  years  ago  than  to  1,000,000  years,  the  figure 
accepted  by  geologists  until  recently."  Four  major  advances  of  the  con¬ 
tinental  ice  sheet  occurred  during  this  time,  with  three  interglacial 
periods  during  which  most  of  the  continent  was  free  of  ice .  The  last  of 
these  advances  is  known  in  North  America  as  the  Wisconsin  drift,  of  which 
at  least  four  substages  have  been  recognized.  The  Wisconsin  glaciation 
took  place  within  the  last  30,000  years,  with  the  ice  retreating  from  the 
Great  Lakes  region  as  recently  as  8000  B.C.  The  Catskill  mountains  were 
entirely  covered  by  the  early  Wisconsin  ice  sheet  and  again  partly  covered 
during  its  last  advance.  One  noteworthy  result  of  this  glaciation  was  the 
formation  of  the  scenic  "notches,"  which  were  cut  deeper  by  water  from  the 
retreating  ice  front. 

When  the  Wisconsin  ice  sheet  first  advanced  over  the  Catskills, 
the  region  was  undoubtedly  covered  with  soil  derived  from  the  weathering 
of  the  sandstone  and  shale  rocks  of  which  the  mountains  are  composed. 

The  moving  ice  scraped  off  the  loose  soil,  plucked  from  the  sandstone 
ledges  blocks  of  all  sizes,  and  carried  the  whole  forward  in,  on,  and 
under  the  ice.  When  the  ice  melted,  this  material  was  either  deposited 
at  the  place  of  melting  or  was  carried  away  by  streams  issuing  from  the 
melting  ice.  Some  of  it  was  piled  up  as  moraines  at  the  ice  border,  some 
was  carried  away  as  outwash  by  streams  issuing  from  the  melting  ice,  and 
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some  was  spread  out  as  a  sheet  of  ground  moraine  or  till.  This  till, 
which  covers  much -of  the  Catskill  region,  is  an  unassorted  mixture  of 
clay,  sand,  and  stones,  plus  boulders  of  all  shapes  and  sizes.  As  a  rule 
the  Catskill  till  is  very  stony,  and  much  of  the  area  is  therefore  un¬ 
suited  for  cultivation. 


Owing  to  the  presence  of  large  volumes  of  water  around  the  edges 
of  the  glaciers,  there  was  abundant  opportunity  for  water- sorting  of  the 
glacial  debris,  resulting  in  a  variety  of  types  of  stratified  drift  rang¬ 
ing  in  texture  from  the  coarsest  outwash  gravels  to  the  finest  lake  clays. 
Along  the  east  branch  of  the  Delaware  river  from  Roxbury  to  several  miles 
below  Margaretville,  for  example,  terrace  remnants  of  outwash  gravel  are 
conspicuous.  These  gravel  banks  are  locally  important  as  a  source  of 
road-building  and  construction  material.  Lake  clays  have  also  been  de¬ 
posited  in  a  number  of  areas,  but  most  such  deposits  are  concealed  by  a 
veneer  of  till  of  variable  thickness  so  that  little  or  no  economic  use 
has  been  made  of  them  in  the  Catskills. 

Rich  (1935)  sums  up  the  economic  effects  of  glaciation  in  the 
Catskills  as  follows:  "The  glaciers  greatly  affected  the  economic  possi¬ 
bilities  of  the  Catskill  region  in  many  ways.  They  completely  reworked 
the  soils;  made  workable  deposits  of  sand,  gravel  and  clay  in  many  places; 
and  interfered  with  the  normal  stream  drainage,  causing  lakes,  swamps  and 
waterfalls....  One  of  the  most  important  detrimental  effects  of  the  gla¬ 
ciers  was  to  scatter  stones  of  all  shapes  and  sizes  through  the  soil.... 
Clearing  away  these  stones  so  that  the  land  could  be  cultivated  was  one  of 
the  hardest  tasks  of  the  early  settlers  and  one  that  is  not  yet  completed, 
for  the  frost  continually  brings  new  crops  of  stones  to  the  surface.  The 
stone  walls  so  abundant  in  many  parts  of  the  Catskills  testify  to  the  task 
that  has  been  imposed  on  the  settlers  by  the  glacially  transported  stones. 
. . .  The  till,  which  is  the  thin  glacial  soil  covering  most  of  the  moun¬ 
tainsides,  is  generally  used  for  pasture  or  woodland.  As  a  rule  it  is  too 
thin  or  too  stony  or  on  land  too  steep  for  profitable  cultivation." 

Sand,  gravel,  and  clay  are  therefore  moderately  abundant  in  the 
Catskills,  but  some  deposits  are  much  better  in  quality  than  others. 
Numerous  lakes  were  likewise  formed  by  the  glaciers  and  these  are  becom¬ 
ing  increasingly  important  for  recreational  purposes.  In  addition,  by 
diverting  streams  from  their  normal  courses,  a  number  of  waterfalls  and 
rapids  were  created;  these  are  better  known  for  their  scenic  beauty  than 
as  sites  for  waterpower. 

There  are  no  outcroppings  of  limestone  in  the  Catskills,  yet  one 
surprising  feature  of  the  flora  of  that  region  lies  in  the  fact  that  it 
contains  a  number  of  species  that  demand  lime  or  at  least  some  trace  of 
it.  These  plants  occur  sporadically  throughout  the  area  and  include, 
among  others : 


Asplenium  rhizophyllum 
Athyrium  pycnocarpon 
Cryptogramma  stelleri 
Cystopteris  bulbifera 
Dryopteris  goldiana 


Arabis  laevigata 

Hackelia  deflexa  var.  americana 

Viola  striata 

Milium  effusum 

Oryzopsis  racemosa 
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Carex  albursina  Uvularia  grandiflora 

C.  sprengelii 

The  explanation  of  the  occurrence  of  most  of  these  species  lies  in  the 
fact  that  some  of  the  Catskill  sandstones  and  shales  must  contain  at 
least  enough  lime  to  sustain  them.  The  Kortright  station  of  the  Walking 
Fern  is  of  note  in  that  the  plants  completely  cover  two  isolated  boulders, 
with  no  evidence  of  their  occurring  elsewhere  in  the  immediate  area.  One 
can  conclude  only  that  these  boulders  were  deposited  glacially,  having 
been  transported  by  the  ice  from  a  much  more  remote  area. 

Organization  and  Scope .  The  plant  world  is  complex,  presenting  to 
the  novice  such  a  bewildering  array  of  diverse  forms  that  to  gain  some 
knowledge  of  them  seems  at  first  almost  a  herculean  task.  But  few  people 
reach  an  adult  state  without  some  knowledge  of  the  outdoor  world,  includ¬ 
ing  the  ability  to  distinguish  a  dandelion  from  a  daffodil,  and  somewhere 
along  the  line  comes  at  least  a  hazy  realization  that  some  plants  are 
rather  similar  and  closely  related  to  others--that  Caraway  much  resembles 
a  Carrot,  that  there  are  several  different  kinds  of  violets  and  asters, 
and  that  radishes  and  turnips  have  a  number  of  points  in  common.  Therein 
lies  the  concept  for  grouping  the  various  genera  into  "families,”  and 
combining  closely  related  families  into  "orders." 

Knowledge  of  these  groups  constitutes  the  basis  for  a  comprehensive 
overview  of  the  plant  world.  Considerable  effort  has  therefore  been  made 
in  the  present  work  to  explain  these  relationships  so  that  an  amateur  can 
get  his  bearings  and  pilot  his  way  through  the  intricate  maze  of  the  botan¬ 
ical  world,  starting  with  the  six  large  groups  into  which  scientists  have 
traditionally  organized  the  vascular  plants: 

Pteridophyta--The  ferns  and  "fern  allies,"  reproducing  by  spores 
Coniferae--Mostly  evergreen,  usually  cone-bearing  trees  and  shrubs 
Apetalae--Catkin-bearing  plants  and  those  having  simple  flowers 
without  petals 

Polypetalae--Plants  with  flowers  bearing  numerous  petals  (but  not 
to  be  confused  with  the  ray  flowers  of  the  composites) 
Sympetalae--Plants  with  the  petals  more  or  less  united,  often 
forming  a  "trumpet,"  as  with  the  Morning-glory 
Monocotyledonae--Plants  with  a  single  cotyledon  instead  of  two, 
including  the  grasses,  sedges,  lilies,  orchids,  and  others 

Each  of  these  six  large  groups  of  plants  is  further  divided  into 
orders,  made  up  of  groups  of  closely  related  families,  which  in  turn  are 
composed  of  closely  related  genera.  A  genus  is  made  up  of  closely  related 
species.  There  are,  for  example,  several  different  kinds  of  maples;  these 
are  all  placed  in  the  same  genus — Acer .  Throughout  this  work,  an  effort 
has  been  made  to  point  up  the  characteristics  of  each  order,  showing  its 
relationship  to  other  orders  within  the  larger  group.  In  discussions  of 
both  the  families  and  the  genera  making  up  these  families,  emphasis  has 
been  placed  upon  both  cultivated  and  wild  plants  making  up  these  taxa, 
not  only  to  point  up  the  relationships  involved  but  to  present  a  broad 
view  of  the  group,  with  emphasis  on  the  economic  importance  of  these 
plants.  Notes  on  economic  botany  include  information  on  dye  plants,  or¬ 
namentals,  weeds,  and  the  value  of  various  species  to  wildlife. 
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Within  each  family  are  included  all  species  for  which  definite  rec¬ 
ords  of  occurrence  in  the  Catskills  could  be  documented.  Such  records 
were  established  from  printed  sources,  specimens  in  various  herbaria, 
field  collections,  and  personal  observation  throughout  the  Catskill  region 
This  is  not  to  say  that  such  records  are  by  any  means  complete.  Contin¬ 
ued  field  work  constantly  turns  up  species  previously  unrecorded,  but  a 
special  attempt  has  been  made  to  include  all  known  records  of  the  species, 
subspecies,  and  important  varieties  known  to  grow  in  each  township  com¬ 
prising  the  Catskill  region.  For  each  species,  these  data  are  shown  on 
the  distribution  maps  and  their  accompanying  records  in  the  Appendix. 

There  is  sometimes  a  problem  in  deciding  whether  to  include  a  plant 
which  has  "escaped  from  cultivation."  With  respect  to  annuals,  the  situ¬ 
ation  is  rather  clear-cut.  If  any  garden  plant  produces  seed  that  germi¬ 
nates  at  a  later  season  and  by  itself  produces  a  plant  that  bears  flowers 
without  having  been  planted  or  tended  in  any  way,  it  can  be  considered  a 
legitimate  addition  to  the  flora  of  that  region,  even  though  it  may  not 
persist  or  become  definitely  established.  Perennials,  on  the  other  hand, 
represent  a  quite  different  problem,  as  they  frequently  spread  by  means 
of  creeping  rootstocks  or,  in  the  case  of  a  number  of  trees,  by  means  of 
sucker  shoots.  Bugle  (A.iuga  rentans),  for  example,  frequently  invades 
the  lawn  adjacent  to  the  flower  bed  where  it  has  been  planted,  and  one  is 
tempted  to  include  it  in  the  flora  as  "spread  from  cultivation,"  which  in 
a  sense  is  true.  But  the  plants  in  the  lawn  are  still  attached  to,  and 
actually  a  part  of,  the  original  cultivated  plant;  it  should  therefore  not 
be  added  to  the  flora  on  that  basis  alone.  If,  on  the  other  hand,  it  is 
dug  up  and  thrown  on  the  dump  or  refuse  heap,  where  it  takes  root  and 
spreads  by  itself,  it  can  be  considered  a  legitimate  addition  to  the  flora 
There  is  no  problem,  of  course,  where  it  can  be  demonstrated  or  assumed 
with  some  degree  of  certainty  that  any  plant,  annual  or  perennial,  has 
seeded  itself.  The  writer  has  in  all  cases  been  quite  conservative  in  de¬ 
ciding  which  plants  could  legitimately  be  included  in  the  present  flora 
as  "escaped  from  cultivation"  and  has  refrained  from  adding  any  species 
which,  from  its  setting  or  his  knowledge  of  the  circumstances  involved, 
did  not  appear  to  have  reproduced  itself  without  benefit  of  cultivation. 

Throughout  this  work  detailed  notes  on  how  to  prepare  edible  plants 
for  the  table  have  been  included.  It  must  be  pointed  out,  however,  that 
there  are  poisonous  plants  in  the  Catskills.  Before  preparing  any  plant 
for  the  table  it  is  vital  to  know  without  question  what  plant  is  at  hand. 
Two  plants,  for  example,  are  locally  known  in  the  Catskills  as  "Skunk  Cab¬ 
bage."  The  true  Skunk  Cabbage  (Svmnlocarnus  foetidus)  is  edible;  the 
other  one,  which  might  better  be  called  Bearweed  or  False  Hellebore  (Vera- 
trum  viride ) ,  is  deadly  poisonous.  It  should  hardly  be  necessary  to  men¬ 
tion  that  preparing  a  dish  of  boiled  greens  from  Bearweed  would  be  dis¬ 
astrous  and  that  one  should  refrain  from  culinary  experiments  until  such 
time  as  he  is  absolutely  certain  that  he  knows  what  he  is  doing--not  only 
in  this  particular  instance  but  in  others  as  well.  The  indiscriminate 
collecting  of  mushrooms  (not  treated  in  this  work)  can  be  equally  deadly. 
The  numerous  illustrations  and  keys  provided  throughout  this  flora  should 
enable  the  novice  to  identify  the  various  plants  under  discussion. 

Included  also  are  notes  concerning  the  various  medicinal  uses  made 
of  certain  species,  both  in  the  past  and  at  the  present  time.  In  spite 
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of  the  abundance  of  synthetically  prepared  drugs  on  the  current  market, 
Krochmal  (1968)  remarks  that  in  1962  it  was  estimated  that  more  than  34 
percent  of  all  prescriptions  contained  a  drug  from  natural  plant  sources. 
Krochmal  and  Krochmal  (1973)  state  that  in  the  United  States  alone  it  is 
believed  that  more  than  $500  million  are  spent  annually  for  botanical 
drugs.  More  than  65  species  of  plants  growing  in  the  Catskills  are  still 
in  demand  by  manufacturers  of  pharmaceutical  products.  While  much  infor¬ 
mation  on  drug  plants  is  included  herein,  it  is  by  no  means  the  intention 
of  the  writer  to  suggest  the  treatment  of  any  physical  disorder.  Wot  only 
is  that  the  proper  province  of  a  physician,  but  experimentation  with  drug 
plants  could  lead  to  disaster,  as  many  of  them  are  poisonous  in  the  wild 
unprocessed  state.  Much  of  the  information  on  the  folk  uses  of  medicinal 
plants  has  not  only  yet  to  be  proved  by  modern  scientific  research,  but 
experiment  with  some  of  the  plants  could  easily  result  in  death.  Only  a 
physician  is  qualified  to  treat  physical  disorders. 

Illustrations  and  Keys .  The  identification  of  an  unknown  plant 
presents  a  definite  problem  not  only  to  the  amateur  but  sometimes  even  to 
the  professional  botanist.  The  best  way  to  learn  the  names  of  the  plants, 
of  course,  is  to  go  out  with  someone  who  can  identify  them  for  you.  Even 
though  you  may  be  confronted  with  a  large  number  of  confusing  plants  on 
such  a  field  trip,  by  collecting  specimens  and  taking  notes,  in  a  surpris¬ 
ingly  short  time  you  will  find  that  your  acquaintance  with  the  plant  world 
has  broadened  markedly.  But  it  is  not  always  possible  to  have  a  botanist 
with  you  when  you  come  across  a  strange  plant.  Good  pictures  are  of  great 
value  in  helping  the  amateur  to  identify  an  unfamiliar  plant;  considerable 
effort  has  therefore  been  made  in  this  work  to  provide  illustrations  that 
not  only  show  what  each  species  looks  like  but,  in  so  far  as  possible, 
also  to  portray  diagnostic  differences  between  closely  related  plants. 

The  professional  botanist,  however,  relies  heavily  upon  word  de¬ 
scriptions  pointing  out  the  specific  features  that  help  to  distinguish 
one  plant  from  others  that  may  be  closely  related.  This  information  is 
presented  in  keys  in  such  a  way  that  by  reading  each  of  two  opposed  char¬ 
acteristics  and  deciding  which  one  applies  to  the  plant  in  question,  one 
is  led  eventually  to  the  name  of  the  plant  at  hand.  As  an  example,  turn 
to  the  "Key  to  Local  Species  of  Lycopodium"  on  page  40.  First,  it  is  as¬ 
sumed  that  the  specimen  at  hand  is  a  clubmoss,  as  can  be  ascertained  from 
the  "Key  to  Families  of  Local  Pteridophytes1'  on  page  25.  If  your  species 
is  not  a  spore-producing  plant,  its  identity  must  of  course  be  sought 
elsewhere . 

The  first  of  our  choices  (both  marked  with  the  numeral  "l")  reads 
"Sporangia  [spore- cases ]  borne  in  the  axils  of  ordinary  leaves,  not  form¬ 
ing  a  well-marked  terminal  spike  ..."  as  opposed  to  "Sporangia  borne  in 
the  axils  of  the  upper  leaves,  which  are  modified  and  bractlike,  the  whole 
forming  a  dense  terminal  spike  ..."  Assuming  that  the  sporangia  of  your 
plant  are  borne  in  a  dense  terminal  spike,  read  the  next  pair  of  choices 
(marked  "3")  to  determine  whether  the  sporophylls  [leaves  bearing  the 
spore-cases]  are  "green  and  leaflike,  ...  similar  to  the  foliage  leaves" 
or  if  they  are  "yellowish,  scalelike,  their  bracts  very  different  from 
the  leaves  of  the  sterile  parts  of  the  stem  ..."  If  the  sporophylls  are 
yellowish  and  scalelike,  with  bracts  very  different  from  the  rest  of  the 
leaves  on  the  stem,  one  must  proceed  to  the  next  set  of  choices  ("4"), 


-8- 


and  so  on  until  you  have  located  the  set  of  characteristics  that  describes 
your  plant.  One's  specimen  should,  of  course,  bear  sporophylls  of  the 
current  season.  If  they  have  been  collected  too  early  in  the  season,  how¬ 
ever,  the  condition  of  last  year's  sporophylls  should  be  noted. 

Here  one  might  suggest  that  it  is  usually  easier  to  key  out  freshly 
collected  material  than  to  work  with  dried  herbarium  specimens,  where  some 
of  the  key  characteristics  may  have  become  obscured  during  the  pressing 
and  drying  operations.  Sometimes  one  is  not  sure  which  of  the  two  choices 
apply  to  the  plant  at  hand.  If,  for  example,  you  are  not  sure  whether  the 
sterile  branches  of  your  plant  are  convex  and  uniformly  leafy  on  all  sides 
or  if  they  are  flattened  or  concave  beneath,  run  through  both  sections  of 
the  key  to  see  what  species  you  come  up  with,  then  consult  the  illustra¬ 
tions  in  this  work  or  the  descriptions  given  in  Fernald  (1952),  Gleason 
(1952),  or  one  of  the  field  guides;  these  should  help  you  to  determine, 
by  the  process  of  elimination,  which  plant  you  have  collected. 

Keys  to  genera  and  species  have  been  provided  from  information  con¬ 
tained  primarily  in  Fernald  (1950),  Gleason  (1952),  Wiegand  and  Eames 
(1926),  McVaugh  (1958),  Muenscher  (1950),  Steyermark  (1963),  Bailey  (194-9), 
and  Peterson  and  McKenny  (1968).  Information  on  the  Catskill  flora  from 
these  sources  has  been  rearranged,  combined,  and  simplified  in  an  effort 
to  make  them  easier  to  use  and  to  bring  out  diagnostic  features  found 
throughout  much  of  the  growing  season;  it  is  rather  disconcerting  to  find 
a  key  to  flowers  only,  which  may  be  available  only  for  a  short  time  in 
the  spring,  when  one  has  collected  a  specimen  much  later  in  the  season. 

In  using  these  keys,  however,  it  must  be  kept  in  mind  that  they  include 
only  those  species  known  to  occur  in  the  Catskills  at  the  time  the  keys 
were  compiled.  Continued  exploration  of  the  area  is  certain  to  turn  up 
plants  that  have  not  been  included,  in  which  case  recourse  must  be  had  to 
the  keys  contained  in  Fernald  (1950),  Gleason  (1952),  or  in  Bailey  (1949) 
in  order  to  identify  such  additions  to  the  flora . 

Plant  Biographies .  In  a  work  of  this  nature  it  is  not  only  unde¬ 
sirable  but  impossible  to  avoid  use  of  the  scientific  names  of  plants,  in 
spite  of  the  fact  that  most  amateurs  are  unfamiliar  with  them.  Each  "plant 
biography"  therefore  starts  with  the  scientific  name  of  the  plant  under 
discussion,  together  with  its  author.  An  attempt  has  bepn  made  to  follow 
the  nomenclature  used  by  the  botany  office  of  the  Hew  York  State  Museum 
in  Albany.  Where  that  name  differs  from  that  (or  those)  given  in  Fernald 
(1950)  or  Gleason  (1952)-- the  two  current  manuals  of  botany  for  the  north¬ 
eastern  states  and  adjacent  Canada--the  manual  name  is  listed  under  "Syn¬ 
onyms"  so  there  will  be  no  doubt  as  to  the  identity  of  the  plant  in  ques¬ 
tion.  (Other  pertinent  synonyms  are^also  occasionally  given.)  The  sci¬ 
entific  names  are  marked  with  long  (  )  and  short  (  )  vowel  accents  as  an 
aid  to  pronunciation. 

For  the  amateur  unfamiliar  with  scientific  names,  a  vernacular  or 
common  name  is  also  listed.  Some  plants  have  never  been  conspicuous 
enough,  common  enough,  or  important  enough,  however,  ever  to  have  re¬ 
ceived  a  common  name.  In  most  such  cases,  the  writer  has  not  hesitated 
to  manufacture  one,  a  practice  deplored  by  some  botanists,  but  justified, 
perhaps,  by  providing  the  amateur  with  a  convenient  label.  In  other 
cases  there  is  an  embarrassing  number  of  vernacular  names  to  choose  from 
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and  the  problem  has  been  to  select  the  one  most  -widely  used.  Another  dis¬ 
concerting  fact  is  that  the  same  common  name  is  frequently  used  by  dif¬ 
ferent  people  for  different  plants.  A  "Mayflower,"  for  example,  to  one 
person  is  a  Spring  Beauty,  while  to  another  it  may  refer  to  Trailing  Ar¬ 
butus,  and  a  third  may  be  talking  about  Hepatica .  Since  there  is  no  stan¬ 
dard  for  the  use  of  common  names,  the  writer  has  tried  in  each  case  to 
select  the  name  most  commonly  used  or  to  select  an  appropriate  one,  some¬ 
times,  perhaps,  flying  in  the  face  of  tradition  where  a  much-used  common 
name  seemed  inappropriate. 

Since  few  people  are  familiar  with  Latin,  "Meaning  of  Species  Name" 
gives  a  "translation"  of  that  part  of  the  scientific  name  (the  derivation 
and  meaning  of  the  genus  name  appears  earlier  in  the  discussion  of  the 
genus  as  a  whole).  In  addition,  other  commonly  used  vernacular  names  are 
listed  under  "Other  Names."  "Type  of  Plant"  identifies  the  species  as  a 
tree  or  shrub,  an  annual,  biennial,  or  perennial  herb,  an  aquatic,  para¬ 
site,  or  saprophyte,  while  the  "Range"  gives  the  geographical  distribu¬ 
tion  of  the  species  in  North  America.  The  notes  on  "Distr [ibution ]  in 
N[ew]  Y[ork]  sftate]"  were  taken  from  House  (1924),  while  those  on  Dis¬ 
tr  [ibution]  in  the  Torrey  Range"  came  from  Taylor  (1915),  in  both  cases 
reflecting  distribution  records  as  they  were  known  at  the  time.  The  Tor¬ 
rey  range  was  established  by  the  committee  on  local  flora  of  the  Torrey 
Botanical  Club  in  1888  to  include  the  area  roughly  100  miles  from  New 
York  City;  in  New  York  State,  Delaware,  Greene,  and  Columbia  counties,  to¬ 
gether  with  the  area  south  of  them,  were  included  in  the  Torrey  range, 
plus  the  northeastern  counties  of  Pennsylvania,  all  of  New  Jersey,  and 
all  of  Connecticut. 

Under  "Elevation"  is  listed  such  information  as  was  noted  in  the 
various  references  consulted  plus  information  sometimes  noted  on  herbar¬ 
ium  specimens.  "Time  of  Flfowering] "  is  self-explanatary,  except  that 
mention  might  be  made  of  the  fact  that,  when  available,  more  precise  data 
for  the  latitude  of  the  Catskills  were  taken  from  Wiegand  and  Eames  (1926), 
as  given  for  Cornell.  Where  of  particular  interest,  time  of  fruiting  is 
also  given.  Under  "Origin"  is  found  such  information  as  to  whether  the 
species  is  native,  introduced  from  Europe,  advent ive  from  the  west,  and 
the  like.  When  only  a  comment  or  two  was  available  for  a  particular  spe¬ 
cies,  it  was  placed  under  "Remarks"  instead  of  attempting  to  expand  it 
into  a  paragraph  of  text.  Sometimes,  however,  facts  were  placed  in  that 
section  that  seemed  somewhat  out  of  place  in  the  text  or  to  point  up  some 
aspect  of  the  plant  under  discussion,  such  as  how  to  distinguish  it  from 
a  closely  related  species. 

The  Platt  List .  The  earliest  records  of  the  Catskill  flora  are 
contained  in  the  "Fifty- fourth  Annual  Report  of  the  Regents  of  The  Uni¬ 
versity  of  the  State  of  New  York"  (l84l),  where  M.  Platt,  a  teacher  of 
natural  science  at  the  Delaware  Literary  Institute  in  the  village  of 
Franklin,  Delaware  County,  listed  some  380  "plants  collected  and  exam¬ 
ined,  by  the  botanic  class  ...  during  the  summer  term  of  1840."  A  note 
at  the  end  of  the  list  states  that  "the  preceding  plants  were  collected 
by  the  botanic  class,  during  a  term  of  eleven  weeks,  and  by  some  of  the 
class  preserved  and  arranged  in  herbariums  according  to  the  natural  sys¬ 
tem.  The  most  approved  names  of  modern  botanists  have  been  adopted."  So 
far  as  is  known,  none  of  these  specimens  has  survived  the  vicissitudes 
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of  time.  Platt,  of  course,  was  not  writing  a  flora  of  the  Catskills;  he 
was  not  even  attempting  to  compile  a  catalog  of  local  plants.  His  list 
was  merely  intended  to  give  some  indication  of  the  scope  of  the  Insti¬ 
tute's  course  in  botany,  which,  even  judged  by  modern  standards,  must  have 
been  quite  comprehensive.  Nevertheless,  nearly  70  years  were  to  elapse 
before  any  comparable  study  of  the  Catskill  flora  was  to  be  made. 

It  can  be  assumed  that  most  of  the  plants  "collected  and  examined 
by  the  botanic  class"  in  1840  came  from  the  local  area;  but  a  few  of 
those  listed  have  not  since  been  reported  either  from  Delaware  County  or 
from  the  Catskill  region  generally.  It  is  therefore  possible  either  that 
they  were  brought  in  by  some  of  the  students  from  sources  outside  the 
county,  from  gardens,  or  that  some  of  them  were  not  properly  identified. 

In  the  absence  of  specimens,  one  of  the  writer's  objectives  has  been  to 
verify  the  occurrence  in  Delaware  County  of  all  the  plants  on  the  Platt 
list,  particularly  since  that  information  was  one  of  the  sources  used  by 
the  botany  office  at  the  State  Museum  in  Albany  in  compiling  an  informal 
check  list  of  the  vascular  flora  of  Delaware  County.  (For  the  record  it 
can  be  stated  that  as  of  31  December  1978  only  39  species  on  the  Platt 
list  remain  unaccounted  for.) 

Other  Records .  Three  decades  elapsed  before  further  interest  in 
the  Catskill  flora  was  to  be  demonstrated,  in  part  because  the  area  was 
difficult  of  access  during  the  first  half  of  the  century  in  spite  of  much 
road-building.  Later  the  Civil  War  and  its  aftermath  occupied  men's  en¬ 
ergies  to  the  exclusion  of  botany,  so  it  was  not  until  the  railroads  made 
travel  to  the  Catskill  region  much  easier  that  interest  in  the  flora  of 
this  area  became  more  apparent. 

The  earliest  known  preserved  specimen  from  the  Catskills  is  Taxus 
baccata  ssp.  canadensis .  collected  by  J.  H.  Redfield  at  Hunter  on  20  Au¬ 
gust  1869;  next  is  Polygala  paucifolia .  collected  by  J.J.C.  at  Platterkill, 
also  in  Greene  County,  in  June  1872.  (Quite  possibly  earlier,  but  un¬ 
dated,  specimens,  collected  near  Catskill  Mountain  House  in  Greene  County 
by  Mrs.  Charles  Beach,  are  filed  in  the  herbarium  at  St.  Lawrence  Univer¬ 
sity.)  Later  that  same  year  (1872)  William  H.  Leggett  collected  Be tula 
allegheniensis  and  Polygonum  cilinode  at  High  Peak,  likewise  in  Greene 
County.  Other  records  of  this  period  include  Elizabeth  G.  Knight's  (la¬ 
ter  Mrs.  Nathaniel  Lord  Britton)  specimen  of  Polypodium  virginianum  col¬ 
lected  at  Hancock  in  1874.  She  also  visited  Plattekill  Cove  (or  Clove) 
and  Lake  Hill  in  1877.  Eugene  P.  Bicknell,  perhaps  the  first  profession¬ 
al  botanist  to  explore  the  Catskills,  collected  in  the  vicinity  of  Pine 
Hill  in  1880  and  on  Slide  Mountain  in  l88l.  Justus  F.  Poggenburg,  also  a 
professional  botanist,  made  four  visits  to  the  Catskills  (Platt  Clove  and 
Rondout  in  1885,  Overlook  Mountain  and  Cochecton  in  1887).  In  Delaware 
County  E.H.D.  collected  Rub us  hispidus  at  Hancock  in  1878.  That  same 
year  Charles  H.  Peck,  first  New  York  State  botanist,  reported  Pol vs tichum 
braunii  as  occurring  near  "Griffins"  (Griffin  Corners,  now  part  of  Fleisch- 
manns),  and  an  unknown  botanist  collected  Ribes  lacustre  on  Mt.  Utsayantha 
in  1882. 

Field  workers  visiting  the  Catskills  during  the  1890's  include 
George  V.  Nash  ("Forge"  and  Black  Head  in  1893 )>  Dr.  F.  H.  Kretz  (Revonah 
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Lake  in  1893  and  Tanner sville  in  189*0,  Nathaniel  L.  Britton  and  no  doubt 
his  wife  (Hunter  in  1894:  Phoenicia,  Shandaken,  and  Slide  Mountain  in 
1901),  and  David  L.  Topping  (North  and  West  Harpersfield  in  1895).  An 
amateur  botanist,  Topping  also  made  two  other  visits  to  Delaware  County, 
one  in  1906  and  another  in  1920.  He  also  collected  extensively  in  Ha¬ 
waii,  Borneo,  the  Philippines,  and  Siberia.  The  most  active  person  dur¬ 
ing  this  period,  however,  was  Anna  Murray  Vail,  a  member  of  the  Torrey 
Botanical  Club  and  librarian  at  the  New  York  Botanical  Garden;  she  made 
extensive  collections  in  Greene  County  at  Tannersville ,  Platte  Cove,  and 
Onteora  during  the  summers  of  1891,  1892,  and  1901. 

But  the  first  quarter  of  the  20th  century  witnessed  more  active 
interest  in  the  flora  of  the  Catskills  than  did  the  preceding  century. 

Three  people  are  primarily  responsible  for  our  knowledge  of  the  flora  of 
the  area  during  this  time,  with  members  of  the  Torrey  Botanical  Club 
playing  a  prominent  role.  Anna  M.  Vail's  already  extensive  work  was 
followed  by  that  of  Norman  Taylor,  curator  of  botany  at  the  Brooklyn 
Botanic  Garden  and  author  of  the  Flora  of  the  Vicinity  of  New  York;  he 
collected  numerous  specimens  in  Stamford  and  Arkville  in  June,  1909. 

Then  a  botanical  symposium  held  at  Stamford  the  first  week  in  July,  1909, 
sparked  continued  interest  in  the  Catskill  flora.  Taylor,  together  with 
Philip  Dowell,  first  editor  of  the  American  Fern  Journal,  took  this  oc¬ 
casion  to  climb  Mt.  Utsayantha  and  collect  extensively  in  other  locali¬ 
ties  near  Stamford.  Taylor  also  spent  much  of  that  summer  in  Greene 
County,  collecting  in  the  Windham  and  Tannersville  areas. 

The  third  person  to  contribute  much  to  our  knowledge  of  the  Cats¬ 
kill  flora  before  1925  was  Percy  Wilson,  curator  of  economic  botany  at 
the  New  York  Botanical  Garden.  He  visited  Stamford  in  1913  and  collected 
extensively  in  Arkville  in  1915,  sometimes  accompanied  by  Fanny  A.  Mul- 
ford,  another  member  of  the  Torrey  Botanical  Club  (she  had  already  visited 
Deposit  and  Arkville  in  1903).  Wilson  returned  to  the  Catskills  in  1918, 
this  time  to  Sullivan  County,  collecting  at  Lake  Shandelee  and  nearby 
areas  during  July  and  August.  Unfortunately,  most  of  his  work  could  not 
be  reflected  in  Taylor's  Flora  of  the  Vicinity  of  New  York,  which  was 
published  January  30,  1915.  Other  collectors,  working  mostly  in  Delaware 
and  Ulster  counties  from  1900  through  1925,  include  Edmund  N.  Harvey, 
associate  professor  of  botany  at  the  University  of  Pennsylvania;  George 
F.  Cleveland,  a  member  of  the  American  Fern  Society;  and  Herbert  M.  Dens- 
low,  a  charter  member  of  the  Torrey  Botanical  Club  and  honorary  curator 
of  the  local  herbarium  at  the  New  York  Botanical  Garden.  In  addition, 
Aravilla  M.  Taylor,  a  member  of  the  American  Fern  Society,  visited  rela¬ 
tives  at  a  farm  near  Andes  in  1923,  reporting  her  finds  in  the  American 
Fern  Journal.  Collectors  visiting  Greene  County  during  this  period  in¬ 
clude  Eugene  P.  Bicknell,  Per  Axel  Rydberg  (another  professional  botanist), 
and  William  C.  Ferguson. 

The  next  twenty-five  years,  1926-50,  witnessed  a  gradual  decline 
of  interest  in  the  Catskill  flora  among  members  of  the  Torrey  Botanical 
Club,  although  that  organization  sponsored  occasional  field  trips  to  the 
area  until  1968.  This  same  period,  however,  displayed  increased  activity 
in  the  Catskill  area  on  the  part  of  the  botany  office  of  the  New  York  State 
Museum.  Neil  Hotchkiss,  later  wildlife  biologist  at  the  Patuxent  Wildlife 
Research  Center  in  Maryland,  but  in  1927  on  the  staff  of  the  New  York  State 
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Museum,  visited  the  Delhi  region  that  summer,  making  a  number  of  impor¬ 
tant  collections  and  observations.  The  most  active  worker  in  the  Cats- 
kill  area  during  this  period,  however,  was  Mrs.  Elsie  G.  Whitney,  who 
made  repeated  visits  to  Delaware,  Sullivan,  and  Ulster  counties  from  1929 
through  1936.  Although  a  member  of  the  American  Fern  Society,  her  botan¬ 
ical  interests  were  by  no  means  restricted  to  the  pteridophytes .  Her 
collections  are  in  the  herbarium  of  the  New  York  State  Museum,  where  for 
some  time  she  worked  on  the  staff  as  assistant  state  botanist. 

It  was  not  until  the  third  quarter- century,  1951“75,  however,  that 
knowledge  of  the  flora  of  New  York  State  (including  the  Catskill  region) 
reached  its  peak  in  the  work  of  the  late  Stanley  J.  Smith,  curator  of  bot¬ 
any  at  the  Hew  York  State  Museum.  As  a  field  botanist  he  had  few  peers; 
his  collections  exceed  52,000  specimens,  most  of  which  were  collected  in 
New  York  State,  and  during  this  period  he  made  some  40  excursions  to  the 
Catskill  area  alone,  not  only  collecting  specimens  but  making  extensive 
observations  as  well.  He  was  also  instrumental  in  stimulating  and  en¬ 
couraging  amateur  botanists  to  collect  in  local  areas  as  a  means  of  in¬ 
creasing  our  knowledge  of  the  flora  of  the  state,  resulting  in  the  publi¬ 
cation  of  several  county  floras,  one  of  which  was  The  Flora  of  Ulster 
County.  New  York  by  Mary  Domville  and  Henry  F.  Dunbar,  published  in  1970. 
This  "Annotated  List  of  Vascular  Plants"  is  primarily  a  check  list  of  the 
plants  to  be  found  growing  in  that  county  and  was  therefore  not  intended 
to  provide  distributional  records.  It  must  be  noted,  however,  that  many 
of  their  comments  on  the  abundance  of  particular  species  apply  more  to 
the  eastern  than  to  the  western  half  of  that  county. 

One  of  the  latest  publications  to  deal  specifically  with  the  flora 
of  the  Catskills  is  Vegetational  History  of  the  Catskill  High  Peaks  by 
Michael  Kudish,  a  doctoral  thesis  submitted  to  the  State  University  Col¬ 
lege  of  Forestry  at  Syracuse  University  in  1971.  While  there  can  be  no 
doubt  that  Dr.  Kudish  has  made  a  significant  contribution  to  knowledge  of 
the  ecology  of  the  high  peaks  of  the  Catskills,  his  survey  pinpoints  the 
location  of  not  more  than  30  species,  so  it  does  not  add  materially  to 
knowledge  of  distribution  of  the  various  taxa  making  up  the  Catskill  flora 
In  addition,  Dr.  Robert  R.  Smith,  an  associate  professor  at  Hartwick  Col¬ 
lege  in  Oneonta,  and  Richard  K.  Rabeler,  one  of  his  students,  in  1976  pub¬ 
lished  a  Checklist  of  the  Vascular  Flora  of  Pine  Lake ,  an  area  located 
near  Davenport  Center  in  Delaware  County.  This  Checklist  not  only  added 
no  less  than  70  species  to  those  known  to  grow  in  that  county,  but  also 
verified  as  occurring  in  Delaware  County  9  species  contained  in  the  Platt 
list.  All  the  Pine  Lake  area  is  situated  in  the  glaciated  Allegheny  pla¬ 
teau,  however,  not  in  the  Catskill  region;  their  work  therefore  lies  out¬ 
side  the  scope  of  this  work. 

Some  General  Characteristics  of  the  Catskill  Flora .  From  a  botan¬ 
ical  point  of  view  the  flora  of  the  Catskills  largely  represents  that  of 
the  climax  beech-birch-maple  forest  regions,  with  oak-hickory  intruding 
up  the  valleys  of  the  larger  streams  draining  the  area  plus  remnants  of  a 
more  boreal  flora  on  some  of  the  higher  peaks.  One  characteristic  of  the 
entire  region  is  a  spectacular  spring  flora  nearly  completing  its  entire 
life  cycle  in  the  few  short  weeks  between  the  first  warm  days  of  spring 
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and  the  development  of  a  heavy  forest  canopy  that  almost  completely  shades 
the  forest  floor.  At  that  season  Hepaticas  are  among  the  first  flowers  to 
bloom  and  soon  afterward  Spring  Beauties  literally  carpet  the  ground  in 
many  areas.  A  walk  through  the  woods  in  spring  is,  in  addition,  very 
likely  to  disclose  an  abundance  of  Dutchman's  Breeches,  Squirrel  Corn, 

Blue  Cohosh,  Foam  Flower,  Two- leaved  Bishop ' s-cap,  Wild  Ginger,  Columbine, 
Baneberries,  Bloodroot,  Crinkle-root,  Wood  Anemone,  Kidney- leaved  Crow¬ 
foot,  numerous  species  of  violets,  Dwarf  Ginseng,  Starflower,  Wood  Betony, 
Golden  Ragwort,  Jack- in- the -pulp it ,  and  two  woodrushes,  as  well  as  such 
members  of  the  Lily  family  as  Clinton's  Wood  Lily,  Trout  Lily,  False  Lily- 
of-the-valley,  two  trilliums,  Bellwort,  and  False  Solomon's  Seal. 

In  addition  to  such  remnants  of  an  arctic-alpine  flora  as  Lycopo¬ 
dium  selago,  Sedum  rosea ,  Potentilla  tridentata .  and  Solidago  macrophylla , 
many  native  species  making  up  the  Catskill  flora  can  be  considered  ele¬ 
ments  of  a  boreal  flora,  with  distributions  ranging  from  Greenland  and/or 
Labrador  to  the  Yukon  and/or  Alaska,  many  of  which  nearly  reach  their 
southern  limits  in  the  Catskills.  When  they  are  found  farther  south, 
their  distributions  are  generally  restricted  to  the  higher  elevations  or 
to  cold  bogs  and  ravines.  These  boreal  elements  include  the  following 
taxa : 


Equisetum  fluviatile 
E.  sylvaticum 
Lycopodium  annotinum 
ssp.  pungens 
L.  clavatum 
L.  inundatum 
L.  sabinaefolium 
Botrychium  multifidum 
Dryopteris  spinulosa 
ssp.  dilata 
D.  fragrans 

Matteuccia  struthiopteris 
Polystichum  braunii 
var.  purshii 
Thelypteris  phegopteris 
Woodsia  glabella 
W.  ilvensis 
Abies  balsamea 
Larix  laricina 
Picea  mariana 
Populus  balsamifera 
Be tula  alba 

ssp.  papyrifera 
Stellaria  calycantha 
Actaea  spicata  ssp.  rubra 
Caltha  palustris 
Coptis  trifolia 


Mitella  nuda 
Ribes  lacustre 
R.  triste 

Amelanchier  bartramiana 
Viola  renifolia 
V.  selkirkii 
Circaea  alpina 
Epilobium  adenocaulon 
E.  angustifolium 
Heracleum  lanatum 
Cornus  canadensis 
Arctostaphylos  uva-ursi 
Andromeda  polifolia 
ssp.  glaucophylla 
Kalmia  polifolia 
Veronica  scutellata 
Galium  trifidum 

Linnaea  borealis  ssp.  americana 
Poa  nemoralis 
P.  palustris 
Carex  brunnescens 
C.  flava 
C.  pauciflora 
Calla  palustris 
Luzula  parviflora 
var.  melanocarpa 
Sisyrinchium  montanum 


The  relationship  of  the  Catskill  flora  to  that  of  the  southern 
states  is  perhaps  somewhat  less  clear-cut,  but  a  number  of  species  oc¬ 
cur  from  Florida  to  Louisiana  and/or  Texas  and  range  northward  at  least 
to  the  latitude  of  the  Catskills  if  not  beyond.  Even  those  that  grow 
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farther  to  the  north,  however,  have  their  centers  of  distribution  well 
south  of  the  Catskills  and  can  on  that  account  be  considered  elements  of 
a  southern  flora,  among  which  are  the  following  species: 

Cheilanthes  lanosa 
Carya  glabra 
Alnus  serrulata 
Boehmeria  cylindrica 
Paronychia  fastigiata 
Nuphar  luteum 

ssp.  macrophyllum 
Podophyllum  peltatum 
Liriodendron  tulipifera 
Arabis  canadensis 
Platanus  occidentalis 
Amelanchier  arborea 
Apios  americana 
Euphorbia  maculata 
(or  E.  nutans) 

Rhus  copallina 
Celastrus  scandens 
Parthenocissus  quinquefolia 
Hypericum  gentianoides 
H.  mutilum 
H.  punctatum 
Aralia  spinosa 
Epigaea  repens 
Kalmia  latifolia 
Rhododendron  maximum 
Vaccinium  stamineum 

At  least  two  plants  of  the  Catskills  are  not  only  extremely  local 
in  distribution  but  also  have  very  disjunct  ranges.  Aconitum  novebora- 
cense  was  first  collected  in  Chenango  County  in  1883  and  was  subsequent¬ 
ly  discovered  also  in  Ulster  County  (and  possibly  in  Orange  County).  It 
has  perhaps  the  most  restricted  range  of  any  plant  in  the  Catskills,  for 
it  is  known  elsewhere  only  from  northeastern  Ohio  and  parts  of  Iowa  and 
Wisconsin.  In  North  America  Adoxa  moschatellina  is  known  in  the  east 
only  from  the  Catskill  Mountains.  In  the  midwest  it  grows  in  Iowa,  Wis¬ 
consin,  and  Minnesota,  where  there  occurs  another  break  in  range.  Far¬ 
ther  west  it  is  found  from  New  Mexico  to  South  Dakota,  north  to  the  Yu¬ 
kon  and  Alaska,  thence  to  Eurasia.  Both  plants  can  no  doubt  be  consid¬ 
ered  relics  of  the  glacial  age,  having  had  a  more  extensive  range  follow¬ 
ing  the  retreat  of  the  glacier  but  because  of  subsequent  changes  in  cli¬ 
mate  survive  only  in  the  niches  they  now  occupy. 

The  Catskill  flora  also  includes  its  share,  some  might  say  more 
than  its  share,  of  nearly  cosmopolitan  weeds,  many  of  European  or  Eur¬ 
asian  origin,  among  which  may  be  mentioned  Soapwort,  Chickweed,  Shepherd’ s- 
purse,  Field  Bindweed,  Dead-nettle  or  Henbit,  Wild  Marjoram,  and  Wild 
Thyme  (other  weeds  of  Eurasian  origin  are  noted  below).  Among  the  weedy 
grasses  brought  from  Europe  may  be  included  Cheat  and  one  or  two  species 
of  foxtail  grasses.  There  is  even  one  "weedy  orchid"  (Eninactis  helle- 
borine),  but  it  can  hardly  be  considered  as  a  pest,  ucrfc  all  our  serious 


Verbena  hastata 
V.  urticifolia 
Scutellaria  integrifolia 
Monarda  fistulosa 
Collinsonia  canadensis 
Lycopus  virginicus 
Pedicularis  canadensis 
Lobelia  cardinalis 
Krigia  virginica 
Rudbeckia  triloba 
Solidago  altissima 
Aristida  dichotoma 
Eragrostis  spectabilis 
Muhlenbergia  schreberi 
Panicum  dichotomiflorum 
P.  linearifolium 
P.  philadelphicum 
Carex  incomperta 
C.  lupulina 
C.  lurida 
Cyperus  rivularis 
C .  strigosus 
Juncus  acuminatus 
J.  marginatus 
Lilium  superbum 
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weeds  came  from  Europe,  however,  for  a  number  of  them  are  native,  includ 
ing  two  species  of  false  climbing  buckwheats,  Spotted  Spurge,  and  Poison 
Ivy,  as  well  as  three  or  four  species  of  rather  aggressive  goldenrods . 
The  Red-rooted  Pigweed  (Amaranthus  retroflexus )  and  Carpetweed,  on  the 
other  hand,  are  adventive  from  tropical  America,  and  the  Small- flowered 
Galinsoga  is  naturalized  from  Mexico  and  South  America. 

From  the  standpoint  of  economics,  these  plants  are  in  many  re¬ 
spects  as  important  as  the  more  exotic  elements  of  our  flora,  for  they 
not  only  compete  with  more  desirable  elements  of  the  native  flora  but 
they  cost  the  farmer  much  time,  effort,  and  money.  Of  interest  also  is 
the  rapidity  with  which  some  of  them  are  spreading.  John  Burroughs 
(Wiley,  1951)  noted  that  Orange  Hawkweed  (Hieracium  aurantiacum)  was  a 
rather  uncommon  plant  in  the  Catskills  during  his  boyhood;  within  50 
years  it  had  invaded  practically  every  pasture  in  the  region.  Less  than 
25  years  ago  the  Giant  Chickweed  (Stellar ia  aquatica )  was  considered  a 
rather  rare  plant;  it  is  today  frequently  encountered  in  the  Catskills 
and  appears  to  be  spreading  rapidly.  The  Plumeless  Thistle  (Carduus 
acanthoides )  was  first  discovered  in  the  Catskill  region  near  Margaret- 
ville  in  1974.  How  long  will  it  be  before  it  becomes  a  common  weed  in 
that  area? 


Widespread  Plants  of  the  Catskills .  In  addition  to  those  species 
discussed  above,  from  15  to  20  percent  of  the  plants  occurring  in  the 
Catskill  region  are  so  widespread  that  they  have  been  recorded  from,  or 
can  be  expected  to  be  found  growing  in,  every  township  comprising  the 
area.  Among  the  widespread  ferns  and  fern  allies  are  the  following  spe¬ 
cies  : 


Equisetum  arvense 
Lycopodium  complanatum 
ssp.  flabelliforme 
L.  lucidulum 
Osmunda  cinnamomea 
0.  claytoniana 
Athyrium  filix-femina 
ssp.  angustum 


Dennstaedtia  punctilobula 
Dryopteris  marginalis 
D.  spinulosa  ssp.  intermedia 
Onoclea  sensibilis 
Polystichum  acrostichoides 
Pteridium  aquilinum 
ssp.  latiusculum 
Thelypteris  noveboracensis 


There  are  only  two  widely  distributed  conifers,  and  it  seems  un¬ 
likely  that  any  others  in  that  region  can  ever  compete  to  the  same  degre 


Pinus  strobus  Tsuga  canadensis 

Trees  and  shrubs  that  can  be  expected  in  every  township  in  the 
Catskill  area  include  the  following: 


Populus  grandidentata 
P.  tremuloides 
Salix  depressa  ssp.  r 
S.  sericea 
Juglans  cinerea 
Betula  allegheniensis 
Carpinus  caroliniana 
Ostrya  virginiana 


Fagus  grandifolia 
Quercus  rubra 
Ulmus  americana 
Hamamelis  virginiana 
Prunus  pensylvanica 
P.  serotina 
P.  virginiana 
Pyrus  malus 
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Robina  pseudo-acacia 
Rhus  typhina 
Acer  pensylvanicum 
A .  rubrum 
A.  saccharum 
A  spicatum 
Tilia  americana 

Other  widespread  woody  plants 

Clematis  virginiana 
Rubus  allegheniensis 
R.  hispidus 

R.  idaeus  ssp.  strigosus 
R.  occidentalis 
R.  odoratus 

Other  native  plants,  some  of  ■ 
distributed  throughout  the  Catskills 


Cornus  alternifolia 
Fraxinus  americana 
Sambucus  canadensis 
S.  racemosa  ssp.  pubens 
Viburnum  acerifolium 
V.  lantanoides 


include : 

Spirata  latifolia 
Parthenocissus  quinquefolia 
Aralia  nudicaulis 
Vaccinium  angustifolium 
Diervilla  lonicera 


hich  are  aggressive  weeds,  widely 
include : 


Urtica  dioica  ssp.  gracilis 
Polygonum  cilinode 
P.  pensylvanicum 
P.  sagittatum 
Thalictrum  pubescens 
Lepidium  virginicum 
Potentilla  norvegica 
ssp.  momspeliensis 
P.  simplex 

Geranium  robertianum 
Impatiens  capensis 
I.  pallida 

Epilobium  adenocaulon 
Oenothera  biennis 
Lysimachia  ciliata 
Trientalis  borealis 
Apocynum  androsaemifolium 
Asclepias  syriaca 
Convolvulus  sepium 
Hydrophyllum  virginianum 
Veronica  officinalis 
Mitchella  repens 


Lobelia  inflata 
Ambrosia  artemisiaefolium 
Anaphalis  margaritacea 
ssp.  angustior 
Aster  macrophyllus 
A.  puniceus 
A.  umbellatus 
Conyza  canadensis 
Erigeron  annuus 
E.  pulchellus 
E.  strigosus 
Eupatorium  maculatum 
E.  perfoliatum 
E.  rugosum 
Lactuca  canadensis 
Rudbeckis  hirta 

R,  laciniata 
Solidago  bicolor 

S .  graminifolia 
S.  nemoralis 

S .  rugosa 


Among  the  species  adventive  or  introduced  from  Eurasia  that  have 
made  themselves  well  at  home  in  the  Catskill  region  may  be  included  the 
following  plants.  It  will  be  noted  that  this  list  also  includes  its 
share  of  weeds,  some  of  which  were  no  doubt  inadvertently  brought  with 
seeds  from  Europe,  having  been  weeds  of  cultivated  soil  for  many  millen¬ 
nia.  Some  species  were  deliberately  introduced  to  serve  as  food,  fodder 
for  farm  animals,  ornament,  or  medicinal  purposes,  while  others  are  of 
much  more  recent  introduction  to  the  Catskills.  For  whatever  reason 
these  plants  were  introduced,  they  are  now  to  be  found  widely  distrib¬ 
uted  throughout  the  Catskill  area . 
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Polygonum  arena strum 
P.  persicaria 
Rumex  acetosella 
R.  crispus 
R.  obtusifolius 
Chenopodium  album 
Cerastium  vulgatum 
Lychnis  alba 
Silene  cucubalus 
Stellaria  graminea 
Ranunculus  acris 
Barbarea  vulgaris 
Sedum  triphyllum 
Fragaria  vesca  ssp.  vesca 
Potentilla  recta 
Coronilla  varia 
Lotus  corniculatus 
Medicago  lupulina 
Melilotus  alba 
M.  officinalis 
Trifolium  agrarium 
T .  hybridum 
T.  pratense 
T.  repens 
Malva  moschata 
Hypericum  perforatum 


Daucus  carota 
Pastinaca  sativa 
Myosotis  scorpioides 
Nepeta  hederacea 
Prunella  vulgaris 
Satureja  vulgaris 
Solanum  dulcamara 
Linaria  vulgaris 
Verbascum  thapsus 
Plantago  lanceolata 
P.  major 
Galium  mollugo 
Dipsacus  sylvestris 
Achillea  millefolium 
Anthemis  cotula 
Arctium  minus 
Chrysanthemum  leucanthemum 
Cichorium  intybus 
Cirsium  arvense 
C.  vulgare 

Hieracium  aurantiacum 
H.  pratense 

Matricaria  matricarioides 
Taraxacum  officinale 
Tragopogon  pratensis 
Tussilago  farfara 


The  monocots  likewise  contribute  quite  a  number  of  species  that 
are  widely  distributed  throughout  the  Catskill  area,  among  which  is 


Typha  latifolia 

This  species  cannot  be  considered  abundant  in  the  Catskills,  nowhere  form¬ 
ing  such  extensive  stands  as  may  be  found  along  the  Hudson  river,  but 
small  patches  are  widely  scattered  throughout  the  area.  Several  native 
grasses  have  also  been  recorded  from,  or  may  be  expected  to  grow  in,  every 
township  comprising  the  Catskill  region: 


Agropyron  repens 
Calamagrostis  canadensis 
Festuca  obtusa 

Glyceria  maxima  ssp.  grandis 
G.  striata 


Leersia  oryzoides 
Muhlenbergia  frondosa 
Panicum  capillare 
P.  implicatum 
Poa  pratensis 


About  an  equal  number  of  grasses  introduced  from  Eurasia  have  likewise  be¬ 
come  widely  distributed  in  the  Catskills,  including 


Anthoxanthum  odoratum 
Arrhenatherum  elatius 
Bromus  inermis 
Dactylis  glomerata 


Echinochloa  crusgalli  ssp.  crusgalli 
Festuca  elatior 
Phleum  pratense 
Setaria  lutescens 


Other  widespread  native  monocots  include: 
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Carex  gynandra 
C.  lurida 
C.  pensylvanica 
Eleocharis  obtusa 
Scirpus  atrocinctus 
S .  polyphyllus 
Arisaema  triphyllum 
ssp.  triphyllum 


Juncus  effusus 
J.  tenuis 

Maianthemum  eanadense 
Smilacina  racemosa 
Trillium  erectum 
Sisyrinchium  montanum 


The  only  other  introduced  monocot  that  has  become  widely  distributed  in 
the  Catskill  region,  insofar  as  current  records  indicate,  is 


Hemerocallis  fulva 


It  should  be  pointed  out  that  these  lists  can  by  no  means  be  con¬ 
sidered  complete.  There  is  still  much  exploratory  work  to  be  done  in 
the  Catskills,  even  with  respect  to  common  and  abundant  elements  of  the 
flora.  There  are  quite  a  number  of  additional  candidates  for  the  "Wide¬ 
spread  Plants  of  the  Catskills"  category,  both  native  and  introduced, 
but  at  the  moment  it  is  not  possible  to  state  unequivocally  that  they  can 
be  expected  in  every  township  comprising  the  Catskill  region. 


Rare  and  Endangered  Plants .  For  many  years  there  has  been  increas¬ 
ing  concern  for  the  protection  of  endangered  animal  and  plant  species  on 
a  world-wide  basis.  In  New  York  State  this  concern  was  crystallized  dur¬ 
ing  1974  when  the  state  legislature  passed  an  amendment  to  the  Environ¬ 
mental  Conservation  Law  giving  the  State  Department  of  Environmental  Con¬ 
servation  authority  to  "promulgate  and  adopt  a  list  of  protected  plants 
which  by  reason  of  their  rarity,  uniqueness,  scarcity  or  endangered  sta¬ 
tus  should  not  be  picked  or  removed  from  their  natural  habitat."  The 
commissioner  of  the  DEC  subsequently  appointed  an  Advisory  Committee  on 
Rare  and  Endangered  Plants;  by  September  1  of  that  year  this  committee 
published  a  preliminary  list  of  native  plants  which  then  became  protected 
by  law  throughout  the  state.  With  respect  to  the  Catskills,  this  list 
includes  all  native  orchids,  sundews,  gentians,  hollies,  lilies,  club- 
mosses,  trilliums,  and  rhododendrons  (including  Mountain  Laurel  and  Sheep 
Laurel  or  Lambkill).  Also  included  among  the  protected  plants  are  all 
ferns  except  for  three  weedy  species,  as  well  as  Harebell,  Water  Chinqua¬ 
pin,  Bittersweet,  Trailing  Arbutus,  Cardinal  Flower,  Beebalm,  Ginseng, 
Bloodroot,  and  Pitcher  Plant.  Under  the  new  law '"no  one  may  knowingly 
pick,  pluck,  sever,  remove  or  carry  away,  without  the  consent  of  the 
owner  thereof,  any  protected  plant."  Violations  of  the  law  are  punish¬ 
able  by  fines  of  up  to  $25  each. 

Not  all  these  species  are  rare  in  all  sections  of  the  state.""”" 
Some,  such  as  many  of  the  ferns  and  clubmosses,  for  example,  are  actu¬ 
ally  quite  common  in  the  Catskills,  where  they  are  often  found  in  abun¬ 
dance.  They  were  given  protected  status  to  prevent  commercial  exploi¬ 
tation,  as  has  happened  in  New  Jersey,  and  elsewhere,  where  large  areas 
have  been  denuded  both  of  ferns  and  clubmosses  to  supply  the  metropoli¬ 
tan  demand.  As  an  example,  it  is  reported  that  from  around  1880  until 
1905,  whole  families  were  accustomed  to  head  for  the  Berkshires  during 
the  summer  to  collect  wagonloads  of  fern  fronds  for  shipment  to  metropol¬ 
itan  districts  for  use  on  meat  counters  and  to  supply  florists  with 


-19“ 


greenery  (a  practice  that  still  continues  in  the  laconics,  at  least  with 
respect  to  the  Fancy  Fern).  In  that  region  this  industry  then  centered 
around  Hinsdale,  where  the  farmers  took  their  great  loads  of  ferns,  some 
of  which  brought  "as  high  a  price  as  $2.50  a  load."  It  was  estimated 
that  "more  than  100,000,000  ferns  are  gathered  each  year  and  put  in  cold 
storage  at  Springfield,"  the  annual  harvest  in  that  area  alone  being 
valued  at  $50,000  a  year,  a  considerable  sum  at  that  time.  Even  then 
embattled  conservationists  were  contending  with  vested  interests  and  in 
1904  finally  succeeded  in  introducing  regulatory  measures  in  the  Massa¬ 
chusetts  legislature  to  prevent  the  total  extinction  of  ferns  in  the 
Berkshires.  But  it  was  a  hard  struggle,  for  ten  years  later  it  was  re¬ 
ported  that  many  firms  both  in  New  York  and  Massachusetts  were  still 
heavily  engaged  in  the  business  of  harvesting  ferns. 

The  Appendix.  The  maps  making  up  the  Appendix  show  the  distribu¬ 
tion  by  township  of  all  plants  known  to  grow  in  the  Catskill  region. 

The  day  may  well  be  close  at  hand  when  the  contents  of  the  various  her¬ 
baria  will  be  available  by  computer  and  one  can  simply  press  a  button  to 
determine  what  species  of  plants  grow  where.  That  not  yet  being  the  case, 
however,  the  writer  has  spent  many  hours  going  through  herbarium  specimens 
at  the  New  York  Botanical  Garden  and  at  the  Brooklyn  Botanic  Garden,  in 
addition  to  checking  the  distribution  maps  maintained  by  the  New  York 
State  Museum  in  Albany,  not  only  to  compile  a  list  of  the  species  growing 
in  that  area  but  also  to  learn  where,  when,  and  by  whom  each  species  was 
collected.  This  information  has  been  plotted  on  the  distribution  maps 
and  substantiated  by  the  data  accompanying  them. 

The  appointment  by  Governor  Rockefeller  of  a  Temporary  Commission 
to  Study  the  Catskills  focused  attention  on  the  necessity  for  conserving 
the  natural  resources  of  that  area  and  stimulated  considerable  interest 
in  planning  its  future.  Among  other  things,  this  commission  became  aware 
of  the  advisability  of  making  adequate  provision  for  the  preservation  of 
unique  ecological  areas,  but  that  organization  was  not  alone  in  that  re¬ 
spect,  for  a  number  of  other  groups  feel  that  it  is  imperative  to  assess 
completely  the  state’s  botanical  heritage  so  as  to  guard  against  despolia¬ 
tion. 


Even  a  casual  glance  through  the  Appendix  will  disclose  the  fact 
that  many  areas  of  the  Catskills  have  not  been  well  explored,  at  least 
in  so  far  as  its  plant  resources  are  concerned.  It  is  therefore  hoped 
that  these  maps  will  provide  a  sufficient  stimulus  to  continued  explora¬ 
tion  of  the  Catskills  to  fill  in  gaps  in  our  knowledge  of  the  distribu¬ 
tion  of  all  plants  in  the  area,  not  only  to  locate  rare  and  endangered 
species,  but  also  to  learn  more  concerning  the  incursions  of  plants  not 
native  to  this  region. 

From  information  contained  in  the  Appensix,  it  should  be  a  rather 
simple  matter  to  compile  a  check  list  of  the  plants  known  to  grow  in  any 
of  the  townships  of  the  Catskills  for  use  as  a  starting  point  in  the  con1 
tinued  exploration  of  that  region.  For  many  years  amateurs  have  been 
making  solid  contributions  to  scientific  knowledge,  in  part  because  of 
their  enthusiasm  and  in  part  because  they  had  the  time  to  devote  to  a 
particular  aspect  of  research.  It  is  therefore  much  to  be  hoped  that 
some  interested  resident  in  each  of  the  townships  will  undertake  a 
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detailed  exploration  of  his  region  in  order  to  extend  our  knowledge  of 
the  distribution  of  the  flora  in  the  Catskill  region.  We  should  then  be 
in  a  better  position  to  conserve  the  unique  resources  and  scenic  beauty 
of  the  Catskills  for  future  generations . 

Abbreviations .  The  following  abbreviations  are  used  primarily  in 
the  "plant  biographies"  and  in  the  Appendix,  for  the  most  part  without 
periods : 


adv,  adventive 

Afr,  Africa,  African 

Ak,  Alaska 

Ala,  Alabama 

alt,  altitude 

Alta,  Alberta 

Am,  America,  American 

Apr,  April 

Ariz,  Arizona 

Ark,  Arkansas 

Aug,  August 

Austr,  Australia 

BC,  British  Columbia 

BW7,  black-and-white  photograph 

c,  central 

Cal,  California 

cm,  centimeter 

Co,  county,  counties 

Col,  Colorado 

Ct,  Connecticut 

cu,  cubic 

cult,  cultivation,  cultivated 

DC,  District  of  Columbia 

Dec,  December 

Del,  Delaware 

distr,  distribution 

dm,  decimeter 

e,  east,  eastern 

eastw,  eastward 

esc,  escape,  escaped 

estab,  established 

Eu,  Europe 

Feb,  February 

fl,  flower,  flowering 

Fla,  Florida 

fr,  fruit,  fruiting 

frag,  fragmentary 

ft ,  foot 

Ga,  Georgia 

Gl,  Greenland 

I,  island 

la ,  Iowa 

Id,  Idaho 

Ill,  Illinois 

in . ,  inch 


Ind,  Indiana 
introd,  introduced 
Jan,  January 
Jet,  junction 
Jul,  July 
Jun,  June 
Kan,  Kansas 
Ky,  Kentucky 
L,  lake 
La,  Louisiana 
Lab,  Labrador 
lb,  pound 
LI,  Long  Island 

m,  meter 

Mack,  Mackenzie  District 

Man,  Manitoba 

Mar,  March 

Mass,  Massachusetts 

Md,  Maryland 

Me,  Maine 

Mex,  Mexico 

Mich,  Michigan 

Minn,  Minnesota 

Miss,  Mississippi 

mm,  millimeter 

Mo,  Missouri 

Mont,  Montana 

Mt(s),  Mount,  mountains 

n,  north,  northern 
NAm,  North  America (n) 
natzd,  naturalized 

NB,  New  Brunswick 

NC,  North  Carolina 
n.d. ,  no  date 

ND,  North  Dakota 

NE,  New  England 

ne,  northeast,  northeastern 

Neb,  Nebraska 

Nev,  Nevada 

Nf,  Newfoundland 

NH,  New  Hampshire 

NJ,  New  Jersey 

NM,  New  Mexico 

n.n.,  no  name 

northw,  northward 
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Nov,  November 
n .p. j  no  place 
NS,  Nova  Scotia 
nw,  northwest,  northwestern 
NY,  New  York 
NYC,  New  York  City 
NYS,  New  York  State 
0,  Ohio;  Ohio  State 
University 
Oct,  October 
Okla,  Oklahoma 
Ont,  Ontario 
Ore,  Oregon 
Pa,  Pennsylvania 
Phil,  Philadelphia  Acad¬ 
emy  of  Sciences 
Que,  Quebec 
R,  river 

reg,  region,  regions 
RI,  Rhode  Island 
Rt ,  route 

s,  south,  southern 
SAm,  South  America (n) 

Sask,  Saskatchewan 

SC,  South  Carolina 

SD,  South  Dakota 
sec(s),  section(s) 

Sep,  September 


SI,  Staten  Island 
southw,  southward 
southwestw,  southwestward 
ssp.,  subspecies 
St,  saint 

sw,  southwest,  southwestern 
T,  transparency;  i.e.,  a  35_mm 
slide  in  color 
Tenn,  Tennessee 
Tex,  Texas 

Trop,  tropics,  tropical 
US,  United  States 
Va,  Virginia 
var.,  variety 
vie,  vicinity 
Vt,  Vermont 

w,  west,  western 
Wash,  Washington 
westw,  westward 
WI,  West  Indies 
Wis,  Wisconsin 
wt,  weight 

WVa,  West  Virginia 
Wyo,  Wyoming 

x,  a  cross  between  two  species,  in' 
dicating  a  hybrid 

Yuk,  Yukon  Territory 


Use  of  Technical  Terms .  Unhappily  for  the  amateur,  botanical  lit¬ 
erature  is  so  rife  with  technical  terms  that  it  almost  seems  necessary  to 
learn  a  new  language  in  order  to  be  able  to  read  some  of  it  with  any  de¬ 
gree  of  comprehension.  The  writer  has  tried  (but  probably  not  always  suc¬ 
ceeded  very  well)  not  only  to  keep  the  use  of  technical  terms  to  a  mini¬ 
mum  but  also  to  define  those  he  does  use  when  they  first  occur.  Since 
glossaries  of  botanical  terms  are  readily  available  in  most  of  the  field 
guides,  to  say  nothing  of  the  two  more  comprehensive  ones  given  in  Fernald 
(1950)  and  in  Gleason  (1952),  the  writer  has  made  no  attempt  to  compile  a 
glossary  for  this  work.  In  any  case,  recourse  can  always  be  had  to  Web¬ 
ster  * s  Seventh  New  Collegiate  Dictionary  (1965),  where  most  of  them  are 
defined.  Should  one  wish  to  go  further  afield,  George  Usher's  (1966)  A 
Dictionary  of  Botany  is  an  excellent  reference. 


This  work  contains  many  references  to  the  medicinal  applications 
of  plants,  in  the  course  of  which  the  use  of  a  number  of  medical  terms  has 
been  necessary.  Such  words  are  likely  to  be  even  more  unfamiliar  to  the 
layman  than  are  those  relating  more  or  less  strictly  to  botany.  While  the 
definitions  of  most  of  the  medical  terms  are  likewise  given  in  the  diction¬ 
ary,  the  following  list,  compiled  in  part  from  Krochmal  et  al.  (1971),  may 
be  helpful. 


Ague,  an  old  word  for  fever,  usually  malaria. 
Allergenic,  produces  an  allergy. 

Alterative,  changes  a  condition  gradually. 


-22- 


Amenorrhea,  an  abnormal  absence  or  suppression  of  the  menstrual  discharge. 
Anodyne,  relieves  or  quiets  pain. 

Antacid,  neutralizes  excess  acidity  in  the  alimentary  canal. 

Anthelmintic,  capable  of  expelling  or  destroying  intestinal  worms. 
Antiasthmatic,  relaxes  bronchial  muscles  and  relieves  labored  breathing. 
Antidote,  counteracts  the  action  of  a  poison. 

Antipruritic,  prevents  or  relieves  itching  (antipsoriatic ) . 

Antipyretic,  reduces  fever. 

Antiseptic,  checks  or  inhibits  the  growth  of  microorganisms. 

Antitussive,  relieves  or  prevents  coughing. 

Aperient,  an  agent  that  gently  moves  the  bowels. 

Astringent,  causes  the  contraction  of  tissue. 

Ataxia,  an  inability  to  coordinate  voluntary  muscular  movements. 

Calculous,  a  mineral  deposit  or  "stone,"  usually  in  the  bladder  or  kidney. 
Carcinogenic,  causing  cancer. 

Carminative,  used  to  relieve  gas  and  colic. 

Catarrhal,  related  to  inflammation  of  the  respiratory  tract. 

Cathartic,  causes  an  evacuation  of  the  bowel. 

Caustic,  destroys  tissue. 

Cholagogue,  increases  the  flow  of  bile. 

Consumption,  an  old  term  for  tuberculosis. 

Corroborant,  an  invigorating  agent. 

Counterirritant,  causes  irritation  of  the  surface  of  an  area  with  the  ob¬ 
ject  of  relieving  a  deep-seated  congestion. 

Cystic,  relating  to  the  urinary  bladder  or  to  the  gall  bladder. 

Cystitis,  inflammation  of  the  urinary  bladder. 

Cytotoxic,  poisonous  to  cells. 

Decoction,  an  extract  obtained  by  boiling. 

Demulcent,  a  substance  used  to  protect  or  soothe  the  mucous  membrane. 
Depurative,  removes  impurities  and  waste  materials  from  the  blood. 
Diaphoretic,  used  to  increase  perspiration. 

Disinfectant,  destroys  or  inhibits  the  growth  of  harmful  microorganisms. 
Diuretic,  increases  the  volume  of  urine. 

Drastic,  an  agent  that  acts  rapidly  or  violently. 

Dropsy,  edema;  i.e.,  an  abnormal  accumulation  of  serous  fluid  in  bodily 
tissues  (excess  "water"  in  the  common  tongue). 

Dysentery,  a  disease  characterized  by  severe  diarrhea  with  passage  of  mu¬ 
cus  and  blood,  usually  caused  by  infection. 

Dyspepsia,  a  disturbed  digestive  condition  characterized  by  nausea,  gas, 
and  heartburn. 

Emetic,  an  agent  that  causes  vomiting. 

Emmenagogue,  an  agent  that  induces  menstrual  flow. 

Emollient,  used  externally  to  soften  the  skin  and  protect  it. 

Excoriation,  a  peeling  or  wearing  off  of  the  skin. 

Expectorant,  an  agent  that  causes  expulsion  of  mucus  from  the  respiratory 
tract. 

Febrifuge,  an  agent  that  reduces  fever. 

Flatulence,  stomach  discomfort  caused  by  gas. 

Flux,  an  excessive  abnormal  discharge  from  the  bowels. 

Gastritis,  inflammation  of  the  mucous  membrane,  particularly  of  the 
stomach. 

Hemoptysis,  expectoration  of  blood  from  some  part  of  the  respiratory  tract. 
Hemorrhage,  a  copious  discharge  of  blood  from  the  blood  vessels;  bleeding. 
Hemostatic,  an  agent  used  to  stop  internal  hemorrhage. 
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Hepatic,  of  or  pertaining  to  the  liver. 

Herpetic,  pertaining  to  reptiles. 

Hypnotic,  an  agent  that  induces  sleep  -without  delirium. 

Infusion,  an  extract  obtained  by  steeping  or  soaking  in  water,  usually 
hot  but  not  boiling. 

Irritant,  causes  inflammation  of,  or  stimulation  to,  the  tissues. 

Lumbago,  painful  muscular  rheumatism  usually  involving  the  lower  back. 
Menorrhagia,  an  abnormally  profuse  menstrual  flow. 

Ophthalmiatric,  used  in  the  treatment  of  eye  diseases. 

Pectoral,  usually  an  expectorant,  used  for  diseases  of  the  chest  and  lungs 
Peritonitis,  inflammation  of  the  tissues  lining  the  abdominal  cavity. 
Poultice,  a  soft,  usually  heated,  medicinal  substance  spread  on  cloth  and 
applied  to  the  skin. 

Pressor,  raising  or  tending  to  raise  blood  pressure. 

Pulmonary,  pertaining  to  the  lungs. 

Purgative,  increases  peristalsis  (contraction  of  the  bowel). 

Pustulant,  causes  severe  irritation  of  the  skin,  especially  the  sweat 
glands . 

Refrigerant,  allays  thirst  and  gives  a  sensation  of  coolness  to  the  body. 
Rickets,  a  childhood  disease  characterized  by  defective  deposition  and 
utilization  of  calcium  and  phosphorus  owing  to  inadequate  sunlight  or 
vitamin  D. 

Rubifacient,  causes  reddening  and  mild  irritation  of  the  skin. 

Scorbutic,  relating  to  or  resembling  scurvy. 

Scurvy,  a  disease  marked  by  spongy  gums,  loosening  of  teeth,  and  bleeding 
into  the  skin  and  mucous  membranes  resulting  from  a  lack  of  ascorbic 
acid. 

Sialagogue,  causes  an  increase  in  the  flow  of  saliva. 

Somnifacient,  produces  sleep  without  delirium;  a  soporific. 

Soporific,  tending  to  cause  sleep. 

Stomachic,  stimulates  appetite  and  increases  secretion  of  digestive  juices 
Styptic,  an  agent  to  check  bleeding. 

Sudorific,  increases  perspiration. 

Taeniacide,  an  agent  that  destroys  tapeworms. 

Tincture,  a  solution  of  a  medicinal  substance  in  alcohol. 

Tonic,  stimulates  the  restoration  of  tone  to  the  muscles. 

Vasoconstrictor,  narrows  the  passageway  of  the  blood  vessels. 

Vermicide,  an  agent  that  destroys  worms. 

Vermifuge,  a  substance  to  destroy  or  expel  parasitic  worms. 

Vesicant,  causes  irritation  to  the  skin,  resulting  in  blisters. 

Vulnerary,  an  agent  that  promotes  healing  of  open  wounds. 
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PTERIDOPHYTA 


The  Catskill  pteridophytes  are  divided  into  three  classes  and  six 
orders,  as  follows: 

Class  1.  Articulatae 

Order  1.  Equisetales 

Family  Equisetaceae ,  the  Horsetail  Family 
Class  2.  Lycopodiinae 

Order  2.  Lycopodiales 

Family  Lycopodiaceae,  the  Clubmoss  Family 
Order  3-  Selaginellales 

Family  Selaginellaceae ,  the  Selaginella  Family 
Order  4.  Isoetales 

Family  Isoetaceae,  the  Quillwort  Family 
Class  3-  Filicinae 

Order  5*  Ophioglossales 

Family  Ophioglossaceae ,  the  Grapefern  Family 
Order  6.  Eufilicales 

Family  Osmundaceae,  the  Royal  Fern  Family 
Family  Schizaeaceae ,  the  Curly  Grass  Family 
Family  Polypodiaceae ,  the  Polypody  or  Fern  Family 

The  pteridophytes  have  had  a  long  history  in  medicine,  for  the 
medicinal  qualities  of  ferns,  real  or  imaginary,  are  mentioned  as  early 
as  300  B.C.  by  the  Greek  philosopher  Theophrastus  and  by  his  Indian  con¬ 
temporaries  Sushrut  and  Charak.  Dioscorides  also  speaks  of  the  Brake 
Fern,  Male  Fern,  and  others.  In  addition  to  these  plants,  there  are  about 
40  species  of  pteridophytes  used  as  drugs.  Of  these,  Drvopteris  filix-mas 
is  included  in  the  pharmacopeias  of  many  countries.  Lycopodium  clavatum 
is  listed  in  the  Indian  Pharmaceutical  Codex  and  in  the  proposed  Indian 
Homeopathic  Pharmacopoeia.  Equisetum  arvense  is  included  in  the  pharma¬ 
copoeia  of  the  USSR  and  in  the  German  pharmacopoeia,  and  Puri  (1970)  has 
recommended  its  inclusion  in  the  Indian  Pharmacopoeia.  In  addition,  some 
species  of  Adiantum  are  used  unofficially  in  some  of  the  patented  cough 
preparations  marketed  in  India  and  no  doubt  in  other  countries  as  well. 

Kev  to  Families  of  Local  Pteridophytes 

1.  Stems  conspicuously  jointed,  their  nodes  covered  by  sheaths  com¬ 
posed  of  basally  united  scarious  leaves,  otherwise  leafless; 
sporangia  borne  on  inner  surface  of  peltate  scales  in  terminal 

spikelike  cones.. . Equisetaceae 

1.  Stems  not  conspicuously  jointed,  bearing  green  leaves  or 
fernlike  fronds ,  2 

2.  Leaves  small,  very  numerous  and  imbricated  or  grasslike  and 
crowning  a  short  cormlike  stem;  sporangia  sessile,  axillary 
or  nearly  so,  3 

3.  Stem  short,  thick  and  cormlike,  crowned  by  a  rosette  of 

grasslike  leaves;  spores  of  two  kinds .  Isoetaceae 
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3.  Stem  elongate,  covered,  by  persistent  small  leaves; 
sporangia  near  base  of  upper  leaf  surfaces  or  in  ter¬ 
minal  bracted  (’when  present)  spikes  or  strobiles,  4 

4.  Leaves  without  a  ligule,  in  4-l6  ranks;  strobiles 

terete;  spores  uniform . . .  Lycopodiaceae 

4.  Leaves  ligulate,  in  4-6  ranks;  strobiles  (in  ours) 

4-sided;  sporangia  of  2  kinds,  some  containing  very 
many  minute  microspores  (male),  others  with  fewer  and 

larger  macrospores  (female) .  Selaginellaceae 

2.  Leaves  (fronds)  not  closely  imbricated,  or,  if  very  narrow  and 
slightly  imbricated,  without  axillary  sporangia,  5 

5.  Fertile  fronds  or  fertile  portions  of  fronds  similar  to 

(though  sometimes  of  different  size  from)  the  sterile  Polypodiaceae 
5-  Fertile  fronds  or  fertile  portions  of  fronds  conspicu¬ 
ously  unlike  the  sterile,  6 

6.  Stipe  twining,  filiform;  pinnae  paired  on  alternate 

lateral  stalks,  the  blades  palma tely  lobed .  Lygodium 

6.  Stipe  not  twining  nor  usually  filiform;  fronds  or  parts 
of  them  not  alternately  paired,  7 

7.  Frond  appearing  forked;  sterile  half  of  frond  simple, 
the  fertile  portion  a  long- stalked  simple  spike  of 

2  rows  of  coherent  sporangia .  Oohioglossum 

7.  Frond  not  forked  into  fertile  and  sterile  halves; 
sterile  frond  or  portion  of  frond  usually  divided; 
fertile  frond  or  portion  of  frond  variously  divided,  8 

8.  Sporangia  naked;  sterile  frond  or  portion  of  frond 
divided  (if  simple,  the  small  and  weak  plant  with  a 
single  frond  from  a  scarcely  rhizomatous  base);  the 
fertile  variously  divided  and  with  distinct  globose 
sporangia,  9 

9.  Rhizome  scarcely  developed,  the  1  or  2  fronds 
arising  from  above  the  fleshy  roots;  frond  con¬ 
sisting  of  a  sterile  half  and  a  fertile  panicle 
or  spike;  sporangia  2-ranked,  their  walls  of 

several  layers .  Botrvchium 

9-  Rhizome  stout,  the  fronds  clustered  at  its 
summit;  sporangia  not  2-ranked,  with  a  single 

layer  of  cells.... .  Osmundaceae 

8.  Sporangia  partly  or  wholly  covered  by  the  rolled- 
up  modified  pinnules,  forming  globular  berry- like 
divisions  of  the  stiff  fertile  frond;  rhizome 
elongate,  10 

10.  Fronds  in  vaselike  clumps,  the  tall  sterile  ones 
lanceolate  and  regularly  pinnate,  with  free  veins, 
surrounding  the  simple  pinnate  fertile  ones  Matteuccia 

10.  Fronds  solitary  or  scattered,  the  sterile  ones 
coarsely  pinnatifid  and  deltoid- ovate,  with 
veins  forming  a  mesh,  the  fertile  bipinnate...  Onoclea 
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EQUISETALES 


This  group  of  plants  stands  apart  from  other  vascular  cryptogams, 
having  no  close  affinities  with  them,  and  is  derived  from  ancestors  of 
great  antiquity  that  once  dominated  the  earth’s  flora  in  the  Paleozoic 
era.  Plants  of  this  order  are  distinguished  from  other  orders  by  their 
rushlike,  often  branching  axes,  jointed  and  mostly  hollow  stems,  mostly 
minute  and  toothlike  leaves  whorled  at  the  nodes,  and  reproductive 
bodies  in  conical  or  spikelike  terminal  cones  with  sporangia  borne  on 
the  underside  of  peltate  scales.  Large  plants  of  this  order  no  doubt 
formed  a  large  proportion  of  the  vegetation  during  the  Carboniferous 
period,  the  well-known  Calamites  being  the  stems  of  gigantic  Equise- 
tales,  which  during  this  period  attained  their  maximum  development; 
those  now  surviving  are  mere  dwarf  remnants . 

This  order  contains  only  one  family,  the  Equisetaceae .  Most  phy- 
logenists  have  considered  the  horsetails  among  the  most  primitive  of 
living  vascular  plants,  but,  despite  lack  of  a  definite  bridging  to  an¬ 
cestral  types,  there  is  evidence  to  indicate  that  the  various  species  of 
Eauisetum  are  relics  of  probably  highly  developed  ancestral  types,  hav¬ 
ing  strong  affinities  with  the  Calamitales  and  Sphenophyllales  of  the 
Carboniferous  era. 

% 

EQUISETACEAE,  the  Horsetail  Family 

This  family  includes  only  one  genus,  Eauisetum.  In  their  general 
structure  the  horsetails  have  little  resemblance  to  other  plants .  The 
stems  are  jointed,  hollow  except  at  the  joints,  and  noticeable  for  their 
lack  of  differentiation  from  the  underground  portion  of  the  plant,  the 
construction  of  which,  from  the  subterranean  rootstock  to  the  tip  of  the 
aerial  shoot,  may  be  likened  to  a  line  of  drainpipe,  each  section  of 
which  fits  into  the  slightly  flaring  top  of  the  one  below  it.  In  all 
species  the  rootstock  is  perennial,  and  in  some  species  the  aerial  stems 
last  for  several  years  while  in  others  all  traces  of  them  above  ground 
disappear  soon  after  the  first  hard  frost. 

This  family,  once  much  used  for  polishing  woods  and  scouring 
utensils,  is  of  diminishing  economic  importance.  Several  species  are 
noxious  weeds  of  poorly  drained  soils,  but  a  few  species  have  been  ad¬ 
vertised  by  domestic  dealers  in  native  plants. 

Eauisetum  L0  Horsetail,  Scouring  Rush. 

There  are  about  25  species  of  Eauisetum  occurring  on  all  the  large 
land  masses  of  the  earth  except  Australia  and  New  Zealand.  They  are  pri¬ 
marily  plants  of  wet  places,  although  one  or  two  species  grow  in  the  dri¬ 
est  of  habitats.  The  majority  of  species  occurs  in  the  tropics  and  sub¬ 
tropics,  with  about  12  species  more  or  less  widely  distributed  over  tem¬ 
perate  North  America.  The  name  of  the  genus  is  derived  from  the  Latin 
equus ,  horse,  and  seta ,  bristle,  in  allusion  to  the  many  slender  branches 
of  certain  species,  which  give  the  plants  a  certain  resemblance  to  the 
tail  of  a  horse. 
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The  equisetums  are  primitive  plants,  having  been  on  the  earth, 
according  to  the  best  authorities,  for  an  estimated  300  million  years. 

Few  genera  can  boast  of  being  older  than  Eauisetum.  although  Lycopodium 
was  declining  when  the  scouring- rushes  were  young.  While  classed  among 
the  "fern  allies,"  this  genus  comprises  an  essentially  isolated  group. 

Several  species  of  Eauisetum  have  been  used  medicinally;  the  older 
herbalists  considered  them  useful  vulneraries  and  recommended  them  in  the 
treatment  of  consumption  and  dysentery.  Among  the  American  Indians  the 
Thompson  tribe  of  British  Columbia  applied  the  ashes  of  horsetail  stems 
to  serious  burns  and  then  bandaged  the  wound  with  a  clean  cloth.  Some¬ 
times  animal  fats  were  mixed  with  the  ashes  to  prepare  an  ointment  for 
burns.  The  Cowlitz  tribe  in  Washington  cooked  portions  of  the  root  stalk 
of  the  Giant  Horsetail  as  food.  In  New  Mexico  the  Hopi  Indians  mixed 
the  dried  ground  stems  of  E.  laevigatum  with  corn  meal  and  ate  it  as  a 
mush  or  baked  it  as  bread.  Rafinesque  speaks  of  a  tall  species,  called 
Nebratah  by  the  Missouri  Indians,  used  in  the  manufacture  of  mats,  and 
of  a  species  which  he  named  E.  tuberosum,  the  roots  of  which  were  used 
as  food  by  the  Indians.  It  is  said  that  the  ancient  Romans  ate  some  spe¬ 
cies  for  the  starch  which  they  contain.  Horsetails  have  sometimes  been 
recommended  as  survival  food.  Since  some  species  contain  a  nerve  poison, 
however,  plus  the  fact  that  other  plants  offer  much  more  both  by  way  of 
palatability  and  nutrition,  they  are  best  avoided. 

While  often  planted  in  California,  these  plants  are  elsewhere  of 
little  value  horticulturally  except  perhaps  for  occasional  planting  by 
the  side  of  a  large  pond.  This  genus  is  also  of  limited  value  to  wild¬ 
life,  although  moose  do  browse  on  the  plants.  Geese  and  swans  consume 
rootstocks  and  stems,  and  both  the  black  bear  and  muskrats  are  known  to 
eat  some  species. 

Some  members  of  this  genus  contain  equisetine,  an  alkaloid  that 
has  been  responsible  for  poisoning  in  livestock.  Cases  of  Eauisetum 
toxicity  to  stock  in  the  United  States  and  Canada  have  been  reported  from 
time  to  time  since  the  late  l800’s.  The  largest  number  of  reported  cases 
concerns  poisoning  of  horses  by  Eauisetum  arvense  obtained  in  hay,  although 
cases  in  sheep  have  also  been  mentioned.  Eauisetum  nalustre  and  E.  hvemale 
have  also  been  reported  to  poison  farm  animals. 

Key  to  Catskill  Species  of  Eauisetum 

1.  Stems  perennial,  mostly  evergreen,  stiff  and  harsh,  simple  or 
sparingly  branched;  cone  tipped  by  a  firm  dark  point;  (sheaths 
cylindric,  not  much  longer  than  broad,  with  basal  and  apical 

dark  bands,  the  teeth  deciduous  or  persistent) . E.  hvemale 

1.  Stems  annual,  with  or  without  regular  verticils  of  branches; 
cones  rounded  at  summit;  teeth  of  the  nodal  sheaths  per¬ 
sistent,  2 

2.  Fertile  and  sterile  stems  different,  the  early  ones  fertile, 
more  or  less  succulent,  brown  or  flesh- colored,  the  later 
stems  sterile,  much  branched,  greener,  3 

3.  Teeth  of  the  sheaths  on  the  main  stem  black,  moderately 
firm,  scarcely  cohering;  fertile  stem  succulent,  un¬ 
branched,  soon  perishing;  branches  of  sterile  stem  divergent 
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to  ascending,  not  strongly  recurving  at  tips,  subsimple; 
internodes  of  sterile  stem  smoothish  (sheaths  of  branches 

with  lance-attenuate  teeth) . . . E.  arvense 

3-  Teeth  on  the  main  stem  light  brown,  subscarious,  coher¬ 
ing  into  3  or  4  compound  lobes ;  fertile  stems  at  length 
branched  and  persisting;  branches  of  sterile  stems  pro¬ 
fusely  branched,  at  first  with  recurving  tips,  later  some¬ 
times  less  recurved  to  ascending;  ridges  of  male  sterile 

stem  rough  from  2  rows  of  hooked  spicules . .  E.  sylvaticum 

2.  Fertile  and  sterile  stems  similar,  simple  or  branching,  green; 
fertile  stems  not  developing  in  advance  of  sterile  ones,  4 
4.  Centrum  one-half  to  two- thirds  diameter  of  main  stem,  more 
or  less  star- shaped;  vacuoles  well  developed;  sheaths  be¬ 
coming  loose,  with  their  narrowly  white-margined  teeth  of¬ 
ten  united  in  2's  and  3's;  spores  abortive . E.  x  litorale 

4.  Centrum  four-fifths  diameter  of  main  stem,  round  in  out¬ 
line;  vacuoles  wanting  or  minute;  sheaths  tight,  their 
15”20  dark  brown  teeth  distinct;  spores  fertile . E.  fluviatile 

Equisetum  arvense  L.  Field  Horsetail. 

Meaning  of  Species  Name .  Of  cultivated  fields. 

Other  Names.  Common  Horsetail,  Devil' s-guts ,  Cornfield  Horse¬ 
tail,  Corn  Horsetail,  Bottle-brush,  Horse-pipes,  Snake-pipes,  Snake- 
grass,  Cat's-tail,  Mare's-tail,  Colt's-tail,  Foxtail,  Foxtail-rush, 
Pine-top,  Pine-grass,  Meadow  Pine,  Jointed  Rush,  Toad-pipes,  Paddock 
pipes,  Tad-pipes,  Horsetail  Fern,  Scouring  Rush,  Scrubgrass,  Frog- 
pipes  . 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and 
creeping  tuber-bearing  rootstocks. 

Habitat .  Streambanks,  sterile  meadows,  embankments,  roadsides, 
and  damp  open  woods  and  thickets  in  various  types  of  soil. 

Range .  Almost  throughout  the  US  and  Canada;  also  in  Eurasia. 

Distr  in  NYS .  Very  common. 

Distr  in  the  Torrey  Range .  Scattered  throughout. 

Elevation .  Up  to  2500  ft  in  Va . 

Time  of  Fr.  Mar-Jun;  Apr-May  15  at  Cornell. 

Origin .  Native. 

Without  question,  the  Field  Horsetail  is  the  most  abundant  spe¬ 
cies  of  Equisetum  in  the  world.  It  can  adapt  itself  to  a  wide  variety  of 
situations  and  is  often  found  where  few  other  plants  can  exist.  The 
emerging  fertile  shoots,  one  of  the  first  signs  of  returning  spring,  are 
a  most  welcome  sight,  but  they  soon  disappear.  The  sterile  stems  de¬ 
velop  later  and  persist  until  autumn.  As  might  be  expected,  a  plant  as 
abundant  as  the  Field  Horsetail  has  a  large  number  of  common  names  ap¬ 
plied  to  it  because  of  the  use,  appearance,  or  habitat  of  the  plant. 

The  Lower  Chinook  Indians  of  Washington  are  reported  to  have  eat¬ 
en  the  peeled  raw  stems  of  young  shoots  of  a  "field  horsetail,"  but  there 
is  a  strong  possibility  that  it  could  not  have  been  this  species.  In¬ 
dians  of  California,  however,  used  this  plant  medicinally,  applying  its 
ashes  to  mouth  sores. 
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Grieve  (1967)  states  that  this  is  the  species  that  is  still  gener¬ 
ally  collected  in  Great  Britain  and  sold  for  medicinal  purposes.  Only 
the  sterile  stems  are  used  medicinally;  they  are  used  in  their  entirety, 
cut  off  just  above  the  root.  The  herb  is  used  either  fresh  or  dried  but 
is  said  to  be  most  efficacious  -when  fresh.  Not  only  is  a  fluid  extract 
prepared  from  it,  but  the  ashes  of  the  plant  are  also  employed.  E.  ar- 
vense  acts  as  a  diuretic  and  astringent,  being  once  considered  benefi¬ 
cial  in  the  treatment  of  dropsy,  gravel,  and  kidney  affections  generally; 
a  drachm  of  the  dried  herb,  powdered,  taken  three  or  four  times  a  day, 
was  considered  effectual  in  "spitting  of  blood."  The  ashes  of  the  plant 
have  been  considered  valuable  in  treating  acidity  of  the  stomach  and  dys¬ 
pepsia,  administered  in  doses  of  3  to  10  grains.  Besides  being  thought 
useful  in  kidney  and  bladder  trouble,  a  strong  decoction  acts  as  an  em- 
menagogue;  being  cooling  and  astringent,  it  has  been  used  in  treating  hem¬ 
orrhage,  cystic  ulceration,  and  ulcers  in  the  urinary  passages.  The  de¬ 
coction  applied  externally  has  been  used  to  stop  the  bleeding  of  wounds; 
it  was  also  applied  to  eyelids  to  reduce  swelling. 

Horsetail  was  formerly  official  under  the  name  of  Cauda  equine  for 
use  as  an  astringent.  Culpepper  quotes  Galen  in  saying  that  it  will  heal 
sinews,  "though  they  be  cut  in  sunder,"  and  speaks  of  it  highly  for  bleed¬ 
ing  of  the  nose,  a  use  to  which  it  is  still  put  by  country  people.  Puri 
(1970)  states  that  in  India  "Herba  Equisiti  Arvensis"  has  diuretic  and 
astringent  qualities,  found  quite  useful  for  urinary  and  bladder  dis¬ 
eases,  and  for  stopping  the  flow  of  blood  in  urine.  An  oral  administra¬ 
tion  is  reported  to  produce  a  decided  increase  in  blood  corpuscles.  The 
plant  is  also  used  in  India  to  treat  acidity  of  the  stomach  and  dyspepsia. 
Although  the  horsetails  were  little  used  in  American  medicine,  the  Field 
Horsetail  contains  equisetic  acid,  thought  to  be  identical  with  aconitic 
acid.  This  substance  is  a  potent  heart  and  nerve  sedative,  a  dangerous 
poison  when  taken  in  high  doses. 

This  species  is  a  most  useful  dye  plant,  not  only  because  it  pro¬ 
duces  a  pleasing  yellow  color,  but  because  it  also  makes  an  excellent 
base  for  top-dyeing  with  other  colors.  A  "generous  basket"  of  the  young 
green  plants  is  gathered  in  spring,  discarding  all  roots.  The  plants  are 
then  placed  in  a  granite  pot  filled  with  rainwater.  About  one-tenth  the 
weight  of  mordanted  wool  (using  the  standard  alum  mordanting  method)  is 
added  in  alternate  layers  with  the  horsetails,  then  simmered  for  half  an 
hour,  after  which  it  is  rinsed  well  in  warm  water  and  dried  in  the  shade. 
Any  of  the  dyed  wool  not  used  as  yellow  yarn  can  be  kept  until  later  in 
the  season  to  top-dye  with  various  other  plants.  The  light  yellowish 
color  seems  to  brighten  and  improve  the  colors  obtained  from  other  dye 
plants  such  as  madder,  lupine,  birch  leaves,  and  tansy,  as  well  as  others. 
Top-dyeing  with  a  small  amount  of  indigo  gives  a  lovely  pale  green.  In 
Lapland  a  yellow  color  is  obtained  with  an  alum  mordant  and  very  little 
boiling;  iron  vitriol  (ferrous  sulfate)  gives  a  gray-green,  and  copper 
sulfate  results  in  grass  green.  If  the  kettle  is  aluminum  6r  zinc,  it 
gives  a  green  color  after  2  hours  with  or  without  boiling. 

Cattle  can  graze  on  the  fresh  plant  with  impunity;  when  it  is  cut 
with  hay,  however,  it  has  been  found  to  be  poisonous.  When  horses  or 
cattle  are  fed  on  hay  containing  large  quantities  of  this  plant,  they  be¬ 
come  sick  with  a  disease  known  as  "equisetosis . "  The  species  is  rarely, 
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Equisetum  arvense-"Field.  Horsetail 
[From  USDA  Agr.  Research  Sv.  (1971),  Fig.  2,  p.  7.J 
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if  ever,  lethal  to  cattle,  sheep,  or  goats.  Kingsbury  (1964)  states  that 
the  largest  number  of  reported  cases  concerns,  poisoning  of  horses  by  E. 
arvense  obtained  in  hay,  although  cases  in  sheep  have  been  mentioned.  Hay 
composed  of  one-fifth  or  more  of  Field  Horsetail  produces  symptoms  of  poi¬ 
soning  in  horses  in  2  to  5  weeks;  unthriftiness  is  followed  by  weakness, 
ataxia,  and  difficulty  in  turning,  but  the  appetite  remains  normal  almost 
to  the  end.  Removing  the  offending  hay  in  the  early  stages  of  poisoning 
brings  about  rapid  recovery.  Treatment  with  massive  doses  of  thiamine  is 
also  effective  in  all  but  the  final  stages  when  the  animal  is  prostrated. 
It  appears  dangerous  only  in  hay,  where  toxicity  is  not  lost  with  age; 
also  the  young  green  growth  appears  more  dangerous  than  older  plants.  It 
has  been  found  that  horses  may  develop  an  appetite  for  this  species,  eat¬ 
ing  it  from  their  bedding  in  preference  to  clean  hay  provided  them. 

A  deep-seated  root  system  with  tuberous  storage  organs  makes  this 
species  very  difficult  to  eradicate  in  areas  where  it  has  become  a  nox¬ 
ious  weed.  It  is  very  tenacious  for,  even  if  buried  6  feet  or  more  in 
loose  soil,  it  will  ultimately  reach  the  surface  again;  even  young  shoots 
can  easily  penetrate  asphalt  sidewalks  and  roads.  All  roots  should  there¬ 
fore  be  forked  out  and  the  ground  hoed  frequently  in  cultivated  areas. 
Improved  drainage,  clean  cultivation,  and  the  application  of  fertilizer 
to  stimulate  crop  plants  will  gradually  drive  it  out. 

Equisetum  fluviatile  L.  Water  Horsetail. 

Meaning  of  Species  Name .  Of  a  river. 

Other  Names .  Pipes,  Swamp  Horsetail,  Paddock-pipes,  Mud  Horse¬ 
tail,  Joint-grass,  Frog' s-pipes . 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Shallow  water,  wet  shores,  meadows,  and  swales. 

Range .  Nf  to  Ak,  s  to  Del,  Va,  0,  Ind,  Ill,  la,  Neb,  Wyo,  and 
Ore;  also  in  Eurasia. 

Distr  in  NYS .  Frequent  in  the  s  counties  of  the  state,  infre¬ 
quent  from  Wayne  co  westw,  rare  or  local  in  c  NY,  and  rare  in  the 
Mohawk  valley;  frequent  across  the  n  part  of  the  state. 

Distr  in  the  Torrev  Range .  Scattered  throughout  except  in  the 
Pine  barrens  and  the  reg  e  and  s  of  them,  there  not  recorded. 

Time  of  Fr.  Jun-Aug;  May  25“Jun  at  Cornell. 

Origin .  Native. 

This  species  is  readily  eaten  by  cattle  and  is  said  to  be  fed  to 
cows  in  the  northern  part  of  Sweden  to  increase  the  flow  of  milk,  but 
horses  will  normally  not  touch  it.  Linnaeus  stated  that  in  Lapland  rein¬ 
deer  eat  it  even  when  dried,  though  they  will  not  touch  hay,  and  he  recom¬ 
mended  that  it  be  gathered  and  preserved  with  reindeer-moss  for  winter 
use.  When  abundant  it  has  sometimes  been  cut  for  hay  in  America.  Musk¬ 
rats  are  very  fond  of  the  young  stems  and  often  work  much  havoc  among 
them  just  as  they  are  pushing  up  to  the  surface  of  the  water. 

E.  fluviatile  has  very  little  silica  in  its  outer  coat  and  is  one 
of  the  smoothest  species  of  the  genus.  It  is  recorded  that  the  poorer 
classes  among  the  Romans  occasionally  ate  it  as  a  vegetable,  but  it  is 
neither  particularly  palatable  nor  very  nutritious.  As  reported  by 
Sturtevant  (1919)5  Coles,  speaking  of  horsetails  in  his  Adam  in  Eden. 
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Equisetum  fluviatile — Water  Horsetail 
[From  Billington  (1952),  Fig.  6,  p.  82.] 


remarked  that  "the  young  heads  are  dressed  by  some  like  asparagus,  or  be¬ 
ing  boiled  are  often  bestrewed  with  flour  and  fried  to  be  eaten." 

This  is  a  polymorphic  species  and  in  some  of  its  disguises  is  hard 
to  identify.  Its  irregular  branching  and  appressed  sheaths  are  its  most 
characteristic  features.  In  addition,  the  stem  is  hollow  for  about  four- 
fifths  of  its  diameter;  no  other  species  resembles  it  in  this  respect. 
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Equisetum  hvemale  L.  ssp.  affine  (Engelm. )  Stone.  Winter  Scouring  Rush. 


Meaning  of  Species  Name.  Of  winter,  because  evergreen:  ssp.  name, 
allied. 

Other  Names.  Horse-pipes,  Mare's-tail,  Shave-grass,  Shave-weed, 
Polishing- rush,  Naked  Horsetail,  Joint-rush,  Joint-grass,  Snakeweed, 
Pewterwort,  Rough  Horsetail,  Dutch  Rush,  Gun-bright,  Scrub-grass, 
Mountain- rush,  Winter-rush,  Bamboo,  Jointed-rush,  Common  Scouring 
Rush,  Snake-rush. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and 
creeping  rootstocks. 

Habitat ♦  Dry  or  moist  sandy  banks,  shores,  roadsides,  railroad 
embankments,  open  woods,  and  the  like. 

Range .  Nf  to  Ak,  s  to  Ga,  Tex,  NM,  Col,  and  Wash. 

Distr  in  NYS .  Very  common. 

Distr  in  the  Torrev  Range .  Scattered  throughout  the  range  except 
in  the  pine  barrens  and  the  reg  e  and  s  of  them,  there  not  recorded. 

Time  of  Fr.  Jun-Aug;  May-Sep  at  Cornell. 

Origin .  Native. 

Remarks .  Considered  the  most  abundant  of  our  evergreen  species; 
House  (192U)  states  that  it  is  "very  common"  in  New  York  State,  but 
it  is  a  rare  plant  in  the  Catskills. 

The  rough  and  flinty  exterior  of  this  species  makes  it  useful  for 
scouring  and  polishing,  from  which  it  derives  its  name  of  Scouring  Rush. 
Before  sandpapers  and  other  scouring  and  polishing  materials  were  gener¬ 
ally  available,  the  common  Scouring  Rush  was  used  extensively  in  their 
stead,  so  that  it  was  once  of  prime  importance  in  domestic  affairs,  be¬ 
ing  used  for  cleaning  pots,  pans,  floors,  and  woodwork.  Cabinet-makers 
and  others  found  many  uses  for  it,  and  it  was  at  one  time  so  generally 
used  in  England  that  supplies  were  imported  from  Holland,  hence  the  pop¬ 
ular  name  Dutch  Rush.  Gerar^  states  that  in  his  time  it  was  employed 
for  scouring  pewter  and  wooden  kitchen  utensils  and  that  fletchers  and 
comb-makers  rubbed  and  polished  their  work  with  it.  And  it  was,  of  course 
similarly  employed  in  colonial  America.  Long  after  Gerard's  day,  however, 
dairymaids  of  the  northern  counties  of  England  used  it  for  scouring  their 
milk-pails.  With  the  advent  of  scouring  soaps,  sandpaper,  and  other 
abrasives,  however,  it  has  largely  fallen  into  disuse,  but  even  now  camp¬ 
ing  enthusiasts  might  well  like  to  try  it  in  the  kitchen  or  for  emergency 
use  in  cleaning  utensils.  At  one  time  this  species  was  planted  on  the 
dikes  in  Holland,  its  long  branching  rootstocks  serving  to  prevent  the 
soil  from  washing  away. 

The  Scouring  Rush  was  used  in  many  ways  by  Indians  of  the  western 
United  States.  The  stalks  were  boiled  by  Indians  inhabiting  Washington 
and  the  resulting  decoction  employed  as  a  hair  wash  and  to  eliminate 
fleas,  lice,  and  mites.  Densmore  (1926-27)  reports  that  among  the  Chip- 
pewas  the  stalks  were  burned  and  the  ash  was  applied  to  wounds  as  a  dis¬ 
infectant.  To  cure  diarrhea,  the  heads  of  the  reproductive  shoots  were 
eaten  by  the  Makah  Indians,  a  tribe  of  the  western  states.  This  plant  was 
also  used  ceremonially,  and  the  tough  stalk  was  used  as  an  abrasive  for 
scouring  and  sharpening  arrows  and  mussel  shells.  J.  Lindley,  writing  in 
1849,  stated  that  this  species  often  served  as  food  in  time  of  famine,  and 
another  authority  remarked  that  the  young  fruiting  cones,  boiled  and  fried 


Equisetum  hyemale  ssp.  affine-- Winter  Scouring  Rush 
[From  Small  (1935),  p.  201.] 

have  been  used  as  food.  Because  of  a  nerve  poison  contained  in  this 
genus,  however,  they  should  be  avoided  as  articles  of  food,  even  in  times 
of  emergency. 

The  juice  of  this  plant  was  once  thought  to  be  useful  in  nose¬ 
bleed  and  as  an  application  to  wounds.  It  had  the  reputation  of  being 
diuretic  and  was  sometimes  used  in  dropsical  diseases  and  those  of  the 
urinary  passages.  The  whole  plant  was  employed,  usually  in  the  form  of 
an  infusion  or  a  tincture. 

Linnaeus  mentioned  that  this  species,  among  others,  formed  excel¬ 
lent  food  for  horses  in  some  parts  of  Sweden,  but  suggested  that  cows  are 
apt  to  lose  their  teeth  by  feeding  on  it  and  that  they  were  often  af¬ 
flicted  with  diarrhea.  Actually,  cows  usually  avoid  these  plants  and 
will  eat  them  only  in  the  absence  of  better  forage.  Rafinesque  likewise 
stated  that  "This  plant,  and  allied  species,  furnish  good  food  for  cattle 
in  winter."  It  is  said,  however,  that  where  cattle  have  been  given  too 
large  quantities  of  an  infusion  as  a  diuretic,  it  has  caused  the  voidance 
of  blood. 
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Equisetum  x  litorale — Shore  Horsetail 
[From  Small  (1935) 5  p.  19*+*] 

Equisetum  x  litorale  Kuhl.  (E.  arvense  x  E.  fluviatile )  Shore  Horsetail. 

Meaning  of  Species  Name .  Of  the  shore . 

Other  Names.  Joint-grass. 

Type  of  Plant.  A  perennial  herb. 

Habitat.  Wet  shores,  ditches,  swales,  and  the  like. 

Range .  Q,ue  to  BC,  s  to  NJ,  Pa,  Mich,  Wis,  Minn,  and  Wash;  also 
in  Eu. 

Distr  in  NYS .  Local. 

Distr  in  the  Torrey  Range .  Known  only  from  the  banks  of  the  Del¬ 
aware  in  Hunterdon  and  Warren  co,  NJ,  and  Bucks  and  Delaware  Co,  Pa. 
Time  of  Fr.  Jun-Jul. 

Origin.  Native. 

This  hybrid  presents  a  most  perplexing  series  of  forms  and  appears 
never  to  be  twice  alike.  It  often  occurs  in  great  abundance  notwithstand¬ 
ing  the  abortive  spores,  since  it  spreads  rapidly  by  means  of  its  root¬ 
stocks.  In  some  areas  it  is  so  abundant  as  to  be  cut  for  hay  under  the 
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Equisetum  sylvaticum--Wood  Horsetail 
[From  Billington  (1952),  Fig.  4,  p  78.] 


name  "Joint-grass."  In  stems  of  E.  x  littorale  the  cross-section  pre¬ 
sents  a  starlike  opening,  while  that  of  E.  fluviatile  is  larger  and  cir¬ 
cular  . 

Equisetum  sylvaticum  L.  Wood  Horsetail. 

Meaning  of  Species  Name.  Of  woodland. 

Other  Names .  Bottlebrush. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and  creep1 
ing  rootstocks. 

Habitat.  Cool  moist  woods,  thickets,  and  openings  in  subacid 
soil. 

Range .  G1  and  Lab  to  Ak,  s  to  Md,  Pa,  WVa,  Ky,  0,  Mich,  Wis,  la, 
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SD,  and  BC;  also  in  Eurasia. 

Distr  in  NYS.  Locally  abundant  in  most  secs  of  the  state,  es¬ 
pecially  northw. 

Distr  in  the  Torrev  Range .  Scattered  throughout  most  parts  of  our 
range . 

Time  of  Fr .  May-Jun;  May-Jun  10  at  Cornell. 

Origin .  Native. 

The  Wood  Horsetail  is  without  question  the  handsomest  of  the 
equisetums.  The  fine  and  slender  branchlets  with  drooping  tips  make  the 
whole  frond  exceedingly  delicate  and  graceful.  It  is  the  only  species 
in  which  the  branches  are  again  regularly  branched;  in  some  cases  even 
the  secondary  branches  are  again  branched.  The  plant  will  flourish  in 
a  shaded  rock  garden  and  other  cultivated  situations  if  given  plenty  of 
moisture . 

Linnaeus  reported  that  in  some  parts  of  Sweden  this  species  was  a 
principal  food  for  horses;  in  northern  Europe  it  is  still  sometimes  pre¬ 
served  for  winter  fodder.  It  has  likewise  been  used  medicinally  in  the 
same  manner  as  E.  arvense .  In  Norway  the  Wood  Horsetail  is  used  to  ob¬ 
tain  beautiful  grayish-yellow  dyes.  The  segmented  stems  with  their 
sprays  of  green  branches  are  easily  picked  in  July  and  August  when  they 
are  fully  developed.  They  can  then  either  be  dried  or  used  immediately. 
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LYCOPODIA LES 


This  order  consists  of  a  single  family,  the  Lycopodiaceae .  The 
lycopodiums  of  the  present  are  mere  remnants  of  the  past;  during  the 
Carboniferous  Period  they  were  most  luxuriant  and  various  forms  attained 
the  height  of  trees.  The  order  is  characterized  by  the  stems  mostly 
elongate,  creeping,  and  more  or  less  indeterminate,  the  leaves  scale¬ 
like  to  acicular,  very  short  and  mostly  imbricated  and  crowded,  the 
roots  dichotomous,  the  sporangia  solitary,  each  subtended  by  a  sporophyll, 
these  often  condensed  into  terminal  strobili. 

LYCOPODIACEAE,  the  Clubmoss  Family 

This  family  consists  of  two  genera,  Phylloglos sum ,  a  rare  mono- 
typic  genus  restricted  to  parts  of  Australia  and  New  Zealand,  and  Lyco¬ 
podium,  occurring  over  most  of  the  earth  except  the  most  arid  areas, 
most  abundant  in  tropical  and  subtropical  forests.  The  tropical  species 
of  Lycopodium  are  predominantly  epiphytes,  while  those  of  temperate  and 
arctic  regions  are  terrestrial.  Some  12  species  are  native  to  the  east¬ 
ern  United  States.  As  the  stem  continues  to  add  to  its  length  at  the 
growing  tip,  it  as  slowly  dies  at  the  other  extremity;  the  plants  year 
by  year  thus  appear  to  move  slowly  forward,  never  occupying  quite  the 
same  position  for  two  successive  seasons. 

Several  species  were  once  extensively  gathered  commercially  for 
decorative  purposes  during  the  Christmas  season.  The  steadily  increas¬ 
ing  demand  for  such  greenery  pushed  several  of  the  more  decorative  spe¬ 
cies  to  the  verge  of  extinction  in  some  areas,  since  they  reproduce  very 
slowly.  The  spores  were  formerly  used  commercially  by  druggists  as  pill 
coatings  to  keep  the  pills  from  sticking  together,  as  well  as  in  a  number 
of  official  medicinal  preparations.  The  spores  have  also  been  extensively 
used  in  fireworks  under  the  names  of  vegetable  brimstone  and  vegetable 
sulphur. 

Lycopodium  L.  Clubmoss. 

These  are  evergreen  perennial  herbs  of  varied  habit,  creeping, 
shrubby,  or  epiphytic,  with  a  mosslike  appearance  and  one-nerved  "leaves" 
imbricated  or  crowded  in  4-l6  ranks.  There  are  about  600  species  dis¬ 
tributed  over  much  of  the  world,  but  they  are  most  numerous  in  tropical 
mountains.  They  are  asexually  reproduced  by  spores  borne,  in  most  spe¬ 
cies,  in  little  "cones"  at  the  tips  of  the  shoots.  The  name  of  the  genus 
is  derived  from  the  Greek  lukos,  wolf,  and  pous ,  foot,  possibly  from  a 
fancied  resemblance,  according  to  some  authorities,  but  perhaps  from  their 
growing  in  wild  and  inhospitable  regions  where  only  a  wolf  is  likely  to 
tread. 


Various  species  of  Lycopodium  have  been  used  as  dye  plants.  In 
Norway  the  trailing  lycopodiums  were  so  used,  either  collected  in  the 
spring  for  drying  or  used  fresh  all  year  long.  The  grayish-yellow  color 
that  resulted  was  used  mostly  as  a  base  for  other  colors.  Several 
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species  were  also  employed  medicinally  for  their  astringent  and  emetic 
properties,  but  their  effects  are  too  violent  to  entitle  them  to  a  place 
among  current  drugs.  The  spores  of  some  species,  chiefly  L.  clavatum. 
form  lycopodium  powder,  which  is  yellow  in  color  and  very  flammable;  at 
one  time  this  was  used  in  theaters  to  produce  artificial  lightning. 
Everett  (i960)  states  that  some  species  from  tropical  regions  are  grown 
in  greenhouses.  The  more  hardy  species  can  be  grown  in  cool  greenhouses 
or  terrariums,  and  some  make  attractive  ground- cover  plants,  among  which 
are  L.  obscurum.  L.  clavatum,  and  L.  complanatum. 

Key  to  Local  Species  of  Lycopodium 

1.  Sporangia  borne  in  the  axils  of  ordinary  leaves,  not  forming 
a  well-marked  terminal  spike  but  occurring  in  zones  along  the 
stems,  alternating  with  sterile  zones;  stems  not  extensively 
creeping,  forked,  2 

2.  Leaves  broadest  at  base,  nearly  entire,  erect  or  spreading, 


3”7  mm  long;  sporangia  1-1.5  mm  wide  at  base .  L.  selago 

2.  Leaves  broadest  above  the  middle,  obviously  toothed, 
widely  spreading  or  deflexed,  7" 12  mm  long;  sporangia 
1.5“1. 8  mm  wide .  L.  lucidulum 


1.  Sporangia  borne  in  the  axils  of  the  upper  leaves,  which  are 
modified  and  bractlike,  the  whole  forming  a  dense  terminal 
spike;  stems  often  long- creeping,  variously  branched,  3 

3.  Sporophylls  green  and  leaf like,  their  bracts  similar  to 
the  foliage  leaves  in  form  and  texture  (leaves  of  the 

erect  stem  ascending,  relatively  few) .  L.  inundatum 

3.  Sporophylls  yellowish,  scalelike,  their  bracts  very  dif¬ 
ferent  from  the  leaves  of  the  sterile  parts  of  the  stem, 
broader  and  shorter  than  the  leaves,  4 

4.  Sterile  branches  convex  and  uniformly  leafy  on  all  sides; 
branches  not  fan- shaped  nor  fastigiately  branched;  ster¬ 
ile  leaves  entire,  denticulate,  or  ciliate,  5 

5.  Spikes  1-4  on  a  slender  scaly  peduncle;  leaves  bris¬ 


tle  tipped  (creeping  stems  on  or  near  surface  of  the 

ground) . . .  L.  clavatum 

1.  Fertile  branches  leafy  up  to  the  usually  solitary 
spikes;  leaves  merely  acute,  not  bristle-tipped,  6 
6.  Creeping  stem  deep  in  the  ground,  the  upright 

branches  treelike,  repeatedly  forked . .  L.  obscurum 

6.  Creeping  stem  on  or  near  the  surface  of  the 
ground,  its  numerous  erect  branches  sparingly 
or  not  at  all  branched..... . . .  L.  annotinum 


4.  Sterile  branches  flattened  or  concave  beneath,  fan¬ 
shaped  or  fastigiately  branched,  the  leaves  usually 
reduced  or  modified  on  the  lower  surface  (except  in 
L.  obscurum) ;  sterile  leaves  entire,  7 

7.  Spikes  sessile;  leaves  3“ 5  ram  long .  L.  obscurum 

7.  Spikes  borne  on  a  slender  scaly  peduncle;  leaves 
strongly  decurrent,  the  free  part  of  the  lateral 
leaves  0.5"2  mm  long,  that  of  the  dorsal  and  ven¬ 
tral  leaves  smaller;  branches  flattened,  8 
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8.  Leaves  of  dorsal  and  ventral  ranks  similar;  lateral  leaves 

adnate  for  about  half  their  length;  peduncles  leafy..  L.  sabinaefolium 
8.  Leaves  of  the  ventral  rank  reduced  in  size;  lateral  leaves 
adnate  for  more  than  half  their  length;  peduncles  with  bract¬ 
like  distant  leaves,  9 

9.  Creeping  stems  at  or  near  the  surface  of  the  ground;  branch- 
lets  strongly  dorsiventral,  the  leaves  on  the  lower  sur¬ 
face  much  smaller  than  the  lateral  ones;  plants  yellowish- 

green... . . .  L.  complanatum 

9.  Creeping  stems  rather  deeply  buried;  leaves  on  the  lower 
side  of  the  branchlets  scarcely  smaller  than  the  others; 
plants  bluish-green .  L.  tristachvum 


Lycopodium  annotinum  ssp.  annotinum — Bristly  Clubmoss 
[From  Clute  (1905)?  plate  facing  p.  86.] 

Lycopodium  annotinum  L.  ssp.  annotinum.  Bristly  Clubmoss. 

Meaning  of  Species  Name .  A  year  old,  from  the  clearly  marked 
separation  of  each  year’s  growth  of  the  ascending  branches. 

Other  Names.  Stiff  Clubmoss,  Interrupted  Clubmoss,  Northern 
Bear ' s-bed. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 
Habitat.  Woods,  clearings,  and  bog  margins  in  acid  soil. 
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Range .  Lab  to  Ak,  s  to  NJ,  Pa,  upland  to  Va  and  WVa,  Mich,  Wis, 
Minn,  Col,  and  Ore;  also  in  Eurasia. 

Distr  in  NYS .  Common  throughout  the  Adirondack  and  Catskill 
regs;  elsewhere  rather  local,  southw  to  Chenango,  Broome,  and  Tioga 
co,  westw  to  Oswego  and  Monroe  co. 

Distr  in  the  Torrev  Range .  NY:  In  the  Catskills. 

Elevation.  Sea  level**3980  ft  in  the  Torrey  range. 

Time  of  Fr.  Late  July-early  Oct;  Aug-Sep  at  Cornell. 

Origin.  Native . 

At  the  ends  of  the  branches  the  tips  of  the  leaves  point  upward, 
but  below  this  they  are  more  spreading.  As  the  new  season’s  growth 
springs  from  the  midst  of  the  erect  leaves,  there  are,  in  consequence, 
alternating  zones  on  the  branches  in  which  the  leaves  are  spreading  or 
appressed,  each  appressed  zone  marking  the  ending  of  one  season’s  growth 
and  the  beginning  of  another,  hence  one  of  its  common  names,  Interrupted 
Clubmoss . 

Lycopodium  annotinum  L.  ssp.  pungens  (La  Pylaie)  Hult. 

Meaning  of  Species  Name .  A  year  old;  ssp.  name,  pungent. 

Synonyms ♦  L.  annotinum  L.  var.  pungens  (La  Pylaie)  Desv.  in 
Fernald  (1950)  and  in  Gleason  (1952). 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Exposed  rocky  or  peaty  habitats. 

Range .  G1  and  n  Lab  to  Ak,  s  in  the  higher  mts  of  NE,  NY,  and 
Pa  to  Wis,  Minn,  and  Sask;  also  in  ne  Asia. 

Distr  in  NYS .  Common  at  higher  altitudes. 

Distr  in  the  Torrev  Range .  Not  differentiated  from  ssp.  annot¬ 
inum  in  Taylor  (1915)* 

Time  of  Fr.  Jul-Oct. 

Origin.  Native. 

Of  this  subspecies,  Clute  (1905)  remarks  that  "In  the  far  North, 
and  on  mountain  tops  in  milder  regions,  there  is  a  form  of  this  species 
called  variety  pungens . ...  It  is  in  all  ways  a  more  compact  plant  than 
the  type,  the  differences,  without  doubt,  being  due  to  the  cold  and  ex¬ 
posure  to  which  it  is  subjected."  This  subspecies  has  been  collected 
only  once  in  the  Catskill  region  (see  Appendix),  but  it  should  be  looked 
for  on  the  higher  peaks  elsewhere  in  that  area.  The  two  subspecies  can 
be  distinguished  as  follows:  v 

1.  Leaves  of  fruiting  branches  5. 5" 11  mm  long,  lanceolate,  linear- 
oblong,  or  oblanceolate,  thinnish,  and  distantly  serrate 

. .  L.  annotinum  ssp.  annotinum 

1.  Leaves  of  fruiting  branches  2.5"6  mm  long,  linear  or  lance- 
attenuate,  thick,  entire,  and  dorsally  convex 

. . .  L.  annotinum  ssp.  pungens 
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Lycopodium  annotinum  ssp.  pungens 
[From  Clute  (1905),  plate  facing  p.  88.] 

Lycopodium  clavatum  L.  Staghorn  Clubmoss. 

Meaning  of  Species  Name.  Club-shaped. 

Other  Names .  Common  Clubmoss,  Running  Clubmoss,  Running  Moss, 
Coral  Clubmoss,  Staghorn- evergreen,  Buckhorn,  Wolf's claw,  Running- 
pine,  Good- luck,  Foxtail,  Bock's-horn,  Buck ' s-grass ,  Staghorn,  Stag' 
tail,  Lamb ’ s-tails ,  Creeping-bur,  Creeping  Jenny,  Coral-evergreen, 
Trailing  Christmas  Green,  Toad-tail,  Mat-grass,  Clubfoot  Moss,  Hog’s 
bed,  Vegetable  Sulphur  Moss,  Festoon  Pine,  Bear's-bed. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Dry  open  woods,  thickets,  clearings,  and  rocky  places 
in  acid  soil. 

Range .  Nf  to  Yuk  and  Ak,  s  to  Del,  Pa,  mts  of  NC,  0,  Mich,  Wis, 
Minn,  Mont,  Id,  and  Ore;  also  in  Eurasia. 

Distr  in  NYS .  Common  in  most  secs  of  the  state. 

Distr  in  the  Torrey  Range .  Throughout  the  range  except  the  pine 
barrens  and  the  reg  e  and  s  of  them,  increasing  northw. 
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Time  of  Fr .  Jul-Sep;  Aug  15~Sep  at  Cornell. 

Origin .  Native. 

This  is  one  of  the  most  widely  distributed  of  the  clubmosses.  In 
Sweden  the  stems  are  woven  into  doormats.  The  spores  of  this  and  other 
species  are  very  inflammable  and  were  formerly  much  used  as  flash  powders 
in  photography  and  for  stage  effects,  such  as  imitating  the  flash  of 
lightning  in  theatrical  performances.  The  lycopodium  powder  used  in 
medicine  is  composed  of  the  extremely  fine,  very  light,  delicate  yellow 
spores  of  this  species,  the  supply  coming  mostly  from  Sweden,  Germany, 
Russia,  and  Switzerland.  It  is  obtained  by  gathering  the  spikes  just 
before  the  spores  are  shed  and  the  powder  shaken  out  and  separated  by 
a  sieve.  Sometimes  the  spores  of  L.  annotinum.  L.  complanatum.  and  L. 
selago  are  also  gathered.  Frequently  these  spores  are  adulterated  with 
such  substances  as  slightly  roasted  and  colored  starch,  dextrin,  and 
various  pollens . 

This  plant  is  one  of  those  once  much  in  demand  for  holiday  dec¬ 
orations,  a  demand  that  resulted  in  the  stripping  of  whole  areas,  thus 
making  it  rare  in  many  localities.  Fortunately,  owing  to  its  manner  of 
rooting,  the  whole  plant  was  seldom  pulled  up  and  the  fragments  left  be¬ 
hind  may  ultimately  produce  thrifty  plants,  so  that  it  is  likely  to  be  a 
long  time  before  it  entirely  disappears  from  a  locality. 

Medicinally,  the  plant  is  antiseptic,  diuretic,  demulcent,  haemo¬ 
static,  and  emmenagogue ;  the  part  of  the  plant  now  mainly  employed,  how¬ 
ever,  is  the  minute  spores  which  form  a  yellow  powder.  Under  the  names 
of  Muscus  terrestris  or  M.  clavatus  the  whole  plant  was  used,  dried,  by 
ancient  physicians  as  a  stomachic,  diuretic,  and  antispasmodic,  mainly 
in  calculous  and  other  kidney  complaints;  the  spores  do  not  appear  to 
have  been  used  alone  until  the  17th  century,  when  they  were  employed  as 
a  diuretic  in  dropsy;  a  drastic  in  diarrhea,  dysentery,  and  suppression 
of  urine;  a  nervine  in  spasms  and  hydrophobia;  an  aperient  in  gout  and 
scurvy;  and  a  corroborant  in  rheumatism.  Externally  they  were  largely 
used  as  a  dusting  powder  for  various  skin  diseases,  and  in  excoriations 
of  infants,  to  prevent  chafing  and  also  as  an  application  to  wounds.  It 
was,  however,  more  used  on  the  continent  than  in  Great  Britain,  but  En¬ 
glish  druggists  included  this  powder  in  their  list  of  drugs  before 
1692,  although  it  has  never  had  a  place  in  the  London  pharmacopeia.  In 
the  form  of  a  decoction,  the  plant  has  been  employed  in  the  treatment  of 
rheumatism,  epilepsy,  and  complaints  of  the  lungs  and  kidneys.  In  the 
United  States  it  has  been  prescribed  for  irritability  of  the  bladder,  in 
the  form  of  a  tincture,  which  was  first  made  official  in  the  U.S .  Phar¬ 
macopoeia  of  i860.  The  spores  were  official  in  the  U.S .  Pharmacopeia . 
1863“ 1947,  and  in  the  National  Formulary.  1947-60,  when  they  were  used 
to  absorb  fluids  from  injured  tissues  and  as  a  dusting  powder  to  protect 
tender  surfaces. 

Some  tribes  of  American  Indians  also  made  use  of  the  styptic  and 
coagulant  properties  of  this  species.  The  yellowish  spores  from  the 
fruiting  spikes  of  the  Staghorn  Clubmoss  (and  probably  others)  were 
dusted  on  wounds  or  inhaled  to  stop  nosebleed  by  the  Blackfeet  and  Pota- 
watomi  tribes. 
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Lycopodium  clavatum--Staghorn  Clubmoss 
[From  Clute  (1905),  plate  facing  p.  82.] 

The  spores  are  still  medicinally  employed  by  herbalists  in  Great 
Britain,  primarily  as  a  dusting  powder  in  various  skin  diseases  such  as 
eczema  and  erysipelas  and  for  excoriated  surfaces,  especially  as  a  dust¬ 
ing  powder  to  prevent  chafing  in  infants.  In  pharmacy  they  form  the  best 
powder  for  coating  pills  to  prevent  their  sticking  to  one  another  when 
placed  in  a  closed  container  as  well  as  to  disguise  their  taste.  They 
have  such  a  strong  repulsive  power  that,  if  the  hand  is  powdered  with  them, 
it  can  be  dipped  in  water  without  becoming  wet. 

Puri  (1970)  reported  that  in  India  this  drug  has  been  used  inter¬ 
nally  with  good  results  in  urinary  disorders,  such  as  the  spasmodic  reten¬ 
tion  of  urine,  catarrhal  cystitis,  and  chronic  kidney  diseases  causing 
pain  in  the  kidney,  ureter,  and  bladder.  It  is  also  used  in  dyspepsia, 
catarrhal  gastritis,  and  as  a  general  and  gastric  sedative.  The  plant 
was  also  given  to  stop  hemorrhage  after  childbirth.  In  the  form  of  a 
tincture  it  has  been  prescribed  for  rheumatism,  epilepsy,  and  pulmonary 
disorders . 
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The  powder  has  side  effects,  however,  as  Whitebread  has  quoted 
instances  where  it  has  acted  as  a  foreign  body  and  has  given  rise  to  an 
indolent  chronic  post-operative  inflammatory  reaction.  The  alkaloids  of 
this  drug  have  been  found  harmful  to  warm-blooded  animals,  so  that  by  the 
middle  of  the  19th  century  internal  use  of  this  plant  had  fallen  into 
discredit;  a  variety  of  reactions,  such  as  pressor  effects,  stimulation 
and  contraction  of  the  uterus,  and  paralysis,  were  attributed  to  these 
alkaloids . 

Lycopodium  comnlanatum.  L.  ssp.  flabelliforme  (Fern.)  Clausen.  Trailing 
Ground-pine . 

Meaning  of  Species  Name.  Flattened;  ssp.  name,  fan- shaped. 

Other  Names .  Running  Evergreen,  Trailing  Evergreen,  Ground-pine, 
Ground- cedar ,  Christmas  Green,  Creeping  Jenny,  Trailing  Christmas- 
green,  Festoon-pine,  Crow-foot,  Hog-bed,  Running-pine,  Festoon  Ground- 
pine,  Liberty,  Liberty-bed,  Princess  Pine,  Running- cedar . 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Dry  woods,  clearings,  and  rocky  slopes  in  acid  soil. 

Range .  Que  and  Nf  to  Minn,  s  to  Ga,  Tenn,  and  la. 

Distr  in  NYS .  Common  or  frequent;  rare  on  the  coastal  plain. 

Distr  in  the  Torrev  Range .  Throughout  the  range  except  in  the 
pine  barrens . 

Time  of  Fr .  Sep-Oct  at  Cornell. 

Origin .  Native. 

The  spores  of  this  species  and  those  of  L.  clavatum  (and  no  doubt 
those  of  other  species  as  well),  once  furnished  the  flammable  powder 
known  as  lycopodium  powder  or  vegetable  sulphur  used  for  stage  effects 
and  other  commercial  applications. 

This  species  has  often  been  used  in  great  quantities  for  decora¬ 
tions.  It  is  said  that  the  trade  in  Christmas  greens  began  in  New  Jer¬ 
sey  with  this  plant  more  than  a  century  ago.  Until  quite  recently  that 
state  was  still  prominent  in  the  business,  though  the  demand  long  ago  be¬ 
came  so  great  that  other  sources  of  supply  had  to  be  found.  As  a  conse¬ 
quence  of  the  annual  raids  made  upon  it,  this  plant  is  rapidly  becoming 
rare  in  many  places,  but  it  still  carpets  the  ground  in  some  remote  areas 
Because  of  its  use  in  decorations,  it  is  probably  oftener  seen  than  any 
other  species  of  this  genus. 

The  whole  plant  was  once  employed  medicinally,  dried  and  powdered 
for  use  in  infusion.  It  is  a  powerful  diuretic,  promoting  urine  flow  and 
removing  obstructions  of  the  liver  and  spleen.  It  was  therefore  once  con 
sidered  a  valuable  remedy  in  jaundice,  rheumatism,  and  most  of  the  chron¬ 
ic  diseases.  A  decoction  of  this  plant,  combined  with  Dandelion  and  Agri 
mony,  was  once  a  highly  recommended  herbal  remedy  for  liver  complaints. 
The  Flambeau  Ojibwas  used  the  dried  leaves  of  this  plant  as  a  reviver. 
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Lycopodium  complanatum  ssp.  flabelliforme--Trailing  Ground-pine 
[From  Billington  (1952),  Fig.  20,  p.  108.] 
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Lycopodium  inundatum — Bog  Clubmoss 
[From  Clute  (1905),  plate  facing  p.  lit.] 


Lycopodium  inundatum  L.  Bog  Clubmoss. 

Meaning  of  Species  Name .  Inundated. 

Other  Names.  Marsh  Clubmoss. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and  creep' 
ing  rootstocks. 

Habitat .  Swamps,  bogs,  and  wet  sandy  banks  in  acid  soil. 

Range .  Nf  to  Ak,  s  to  NJ,  Pa,  mts  to  Va  and  WVa,  0,  Ind,  Ill, 
Minn,  Id,  and  Ore;  also  in  Eurasia. 

Distr  in  NYS .  Essex,  Hamilton,  Herkimer,  St  Lawrence,  Lewis, 
and  Oswego  co,  s  to  Onondaga,  Madison,  Oneida,  Saratoga,  Albany, 
Rensselaer,  Columbia,  and  Tioga  co;  not  reported  from  w  of  Onondaga 
co  nor  (in  1924)  from  the  Catskill  mts  or  s  of  the  Hudson  highlands. 

Distr  in  the  Torrey  Range .  Ct,  NJ,  and  Pa  only;  no  distr  given 
for  NY  in  Taylor  (1915)* 

Elevation.  Collected  at  1400  ft  in  Delaware  co. 

Time  of  Fr.  Jul-Oct;  Jul-Aug  at  Cornell. 

Origin .  Native. 
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The  stems  of  this  species  are  slender  and  threadlike,  from  2  to  8 
inches  long,  and  are  rooted  near  the  base,  beyond  -which  they  often  rise 
clear  of  the  earth,  often  bending  over  in  the  form  of  an  arch  to  root 
again  at  the  tip.  The  plant  is  therefore  truly  a  walking  clubmoss.  In 
the  smaller  specimens  the  stems  commonly  do  not  branch,  but  in  the  larger 
ones  two  or  three  short  branches  may  be  produced,  each  of  which  roots  at 
the  tip  like  the  main  stem.  This  is  their  only  means  of  continuing  ex¬ 
istence,  for  at  the  end  of  the  growing  season  the  older  parts  of  the 
plant  die,  leaving  these  vigorous,  budlike  tips,  filled  with  plant  food, 
as  so  many  points  from  which  new  stems  may  be  produced  the  following 
year. 


The  Bog  Clubmoss  is  a  northern  plant  that  is  considered  rather 
rare  in  the  United  States.  It  is  the  smallest  species  to  be  found  in  the 
Catskills;  fruiting  specimens  are  sometimes  less  than  2  inches  long. 

«  / 

Lycopodium  lucidulum  Michx.  Shining  Clubmoss. 

Meaning  of  Species  Name .  Somewhat  shining. 

Other  Names .  Trailing  Evergreen,  Moonfruit-pine ,  Hemlock  Club¬ 
moss,  Swamp  Evergreen,  Staghorn-moss. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and  gem¬ 
mae  (a  budlike  reproductive  body). 

Habitat.  Cool  woods  and  rocky  places  in  acid  soil. 

Range .  Nf  to  Ont  and  Minn,  s  to  SC,  Tenn,  Ind,  Ill,  and  Mo;  also 
in  Asia . 

Distr  in  NYS.  Common  northw,  frequent  in  the  w  part  of  the 
state,  and  local  or  rare  southw  to  Dutchess,  Ulster,  Greene,  and 
Delaware  co,  and  near  Baldwin,  LI. 

Distr  in  the  Torrev  Range .  NY:  Dutchess,  Ulster,  Greene,  and 
Delaware  co,  and  near  Baldwin,  LI. 

Elevation .  Grows  to  nearly  5700  ft  in  Va;  sea  level-3365  ft 
in  the  Torrey  range;  observed  at  the  summit  of  Slide  Mt  (4100  ft) 
in  Ulster  co. 

Time  of  Fr .  Jul-Sep;  Aug- Sep  at  Cornell. 

Origin .  Native. 

Growth  in  this  species  proceeds  very  slowly,  often  not  more  than 
an  inch  a  year.  This  species,  according  to  Clute  (1905),  also  produces 
numerous  small  bulblets  that  are  capable  of  forming  new  plants.  In  ad¬ 
dition,  by  division  of  the  forking  stem  and  decay  of  the  prostrate  parts, 
a  single  plant  may  ultimately  give  rise  to  a  whole  colony.  Most  of  the 
clubmosses  are  very  difficult  to  transplant,  but  this  species  takes 
readily  to  cultivation  if  put  in  congenial  surroundings. 

%  V 

Lycopodium  obscurum  L.  Tree ■ Clubmoss . 

Meaning  of  Species  Name .  Obscure;  application  unexplained,  ex¬ 
cept  that  Linnaeus  stated  that  the  fruit  was  unknown  to  him. 

Other  Names .  Flat-branched  Ground-pine,  Ground-pine,  Bunch  Ever¬ 
green,  Spiral-pine,  Treelike  Clubmoss,  Crowfoot,  Prince ' s-pine . 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Woods,  copses,  clearings,  and  bog  margins  in  acid  soil. 
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Lycopodium  lucidulum — Shining  Clubmoss 
[From  Clute  (1905),  plate  facing  p.  108.J 

Range .  Lab  and  Nf  to  Ak,  s  to  NC,  Ga,  Tenn,  Ala,  Ind,  Minn,  SD, 
Mont,  and  Wash;  also  in  Asia. 

Distr  in  NYS .  Common  in  most  secs  of  the  state  n  of  the  coastal 
plain . 

Distr  in  the  Torrev  Range .  Common  throughout  the  range  except  in 
the  pine  barrens,  there  rare. 

Elevation .  Grows  to  U000  ft  in  Va ;  observed  above  3000  ft  in 
Delaware  co. 

Time  of  Fr.  Jul-Nov;  Sep-Rov  at  Cornell. 

Origin .  Native. 

The  upright  stems  of  this  species  so  much  resemble  miniature  pine 
trees  that  anyone  finding  the  plant  for  the  first  time  is  likely  to  iden¬ 
tify  it  by  associating  its  appearance  with  the  idea  suggested  by  the  com¬ 
mon  name  of  Tree  Clubmoss.  This  is  another  of  the  species  once  widely 
used  for  holiday  decorations. 
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The  Potawatomis  employed  the  spores  of  this  species  for  their 
styptic  and  coagulant  properties.  The  Montagnais  boiled  the  -whole  plant 
and  drank  the  decoction  as  a  purgative  in  cases  of  biliousness;  as  such, 
it  is  said  to  have  been  very  effective.  Among  the  Chippewas  a  decoc¬ 
tion  of  this  species,  together  -with  twigs  of  Picea  glauca  and  chips  from 
the  heartwood  of  Ostrya  virginiana^was  made  for  use  in  steaming  stiff 
joints.  It  is  also  thought  that  this  species  was  of  some  medicinal  value 
to  the  Penobscots.  Some  Indians  are  said  to  have  gathered  this  species 
for  sale  to  whites,  who  used  the  spores. 


Lycopodium  obscurunr-Tree  Clubmoss 
[From  Clute  (1905),  plate  facing  p.  102.] 


-51- 


Lycopodium  sabinaefolium--Savin- leaved  Ciubmoss 
[From  Clute  (1905),  plate  facing  p.  96.] 

%  % 

Lycopodium  sabinaefolium  Willd.  Savin-leaved  Ciubmoss. 

Meaning  of  Species  Name .  Savin-leaved. 

Other  Names .  Heath-cypress,  Cedar- like  Ciubmoss,  Ground  Fir, 
Ground  Savin. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat ♦  Usually  found  in  subalpine  -woods,  thickets,  and  clear¬ 
ings,  but  sometimes  on  dry  sterile  soil. 

Range .  Nf  and  Que  to  Ak,  s  to  NY,  Pa,  and  Mich. 

Distr  in  NYS .  In  1924  known  only  from  Herkimer  co. 

Distr  in  the  Torrev  Range .  Not  listed  in  Taylor  (1915). 

Time  of  Fr.  Mid-Jul-Sep. 

Origin.  Native. 
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Lycopodium  selago--Fir  Clubmoss 
[From  Clute  (1905),  plate  facing  p.  112.] 

*  V 

Lycopodium  selago  L.  Fir  Clubmoss. 

Meaning  of  Species  Name.  An  old  name  for  the  group. 

Other  Names .  Mountain- clubmoss ,  Upright  Clubmoss,  Fir-moss, 
Tree-moss,  Foxfeet,  Dwarf  Staghorn-moss,  Ground  Fir. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and  gem¬ 
mae  (budlike  reproductive  bodies). 

Habitat.  Mossy  rocks,  cold  woods,  barrens,  and  bare  mountains. 

Range .  Gl,  Baffinland,  and  Nf  to  Yuk  and  Ak,  s  to  NY,  mts  of  Ya 
and  NC,  Mich,  Wis,  Mont,  and  Ore;  also  in  Eurasia,  Mex,  and  SAm. 

Distr  in  NYS .  In  1924  House  gave  its  distr  as  mt  summits  of  n 
NY ;  rare . 

Distr  in  the  Torrey  Range .  In  1915  known  only  from  Pike  co,  Pa. 

Time  of  Fr.  Jul-Sep. 

Origin .  Native. 

Remarks .  In  the  US  this  species  is  a  rare  plant  of  high  mountain 
summits . 

This  species  was  once  valued  for  its  medicinal  qualities,  partic¬ 
ularly  by  the  druids,  who  used  it  as  an  emetic  and  cathartic.  It  was 
also  occasionally  used  in  much  later  times,  but  it  is  too  powerful  a  drug 
to  be  safe.  An  ointment  made  from  it  was  employed  as  a  counterirritant , 
and  a  decoction  of  the  stems  is  said  to  be  used  in  Sweden  to  destroy  ver¬ 
min  on  cattle.  Like  others,  this  plant  has  been  used  for  dyeing  and  for 
fixing  the  color  of  woolen  goods.  Indians  of  the  northwestern  United 
States  and  the  natives  of  Alaska  used  the  stems  of  this  plant  to  produce 
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a  kind  of  intoxication.  By  chewing  the  stems  of  three  plants,  a  mild  in¬ 
toxication  was  experienced;  chewing  those  of  eight  plants  was  said  to 
render  the  individual  unconscious. 


Lycopodium  tristachyum-- Ground- cedar 
[From  Small  (1935),  p.  227.] 

Lycopodium  rnsuacnyum  Pursh.  Ground- cedar . 

Meaning  of  Species  Name.  Three- spiked,  from  the  usual  habit  of 
the  fruiting  spikes. 

Other  Names .  Ground-pine,  Ground-fir,  Ground- cypress . 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Acid  woods,  thickets,  and  clearings. 

Range .  Nf  and  Que  to  Alta,  s  to  NC,  Tenn,  Ala,  Mich,  and  Minn; 
also  in  Eu. 

Distr  in  NYS .  Locally  abundant  across  the  state  northw,  s  to 
Ulster  co  and  w  to  Schuyler  co;  doubtless  locally  elsewhere  westw; 
reported  from  LI . 

Distr  in  the  Torrey  Range .  Throughout  the  range  except  the 
coastal  plain  of  NJ,  there  rare. 
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Time  of  Fr .  J un-Sep;  Aug  at  Cornell. 

Origin .  Native. 

Remarks .  As  noted  by  Steyermark  (1963)5  L.  tristachvum  differs 
from  L.  complanatum  in  the  well- developed  ventral  leaves,  the  bluish 
color  of  the  sterile  branchlets,  and  the  many  constrictions  along  the 
branchlets . 
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selaginellAles 


This  order  is  similar  to  the  Lycopodiales  in  many  respects,  hut 
the  relationship  is  perhaps  not  so  close  as  was  once  believed,  since  there 
is  ample  evidence  to  indicate  that  members  of  the  Selaginallales  are  more 
advanced  than  those  of  the  Lycopodiales.  Members  of  this  order  are  read¬ 
ily  distinguished  from  the  Lycopodiales  by  the  presence  of  a  ligule  and 
heterosporous  strobili. 

SELAGINELLACEAE,  the  Selaginella  Family 

This  family  contains  only  one  genus,  Selaginella .  of  which  there 
are  some  500  species  of  wide  geographical  distribution,  but  these  are 
mostly  tropical.  Most  species  are  found  in  tropical  America  and  Asia, 
but  some  37  species  occur  in  the  United  States.  They  are  small,  peren¬ 
nial,  evergreen  terrestrial  plants  resembling  mosses  or  liverworts. 

Selaginella  Beauv.  Selaginella. 

The  name  of  this  genus  is  a  diminutive  of  Selago.  an  ancient  name 
of  Lycopodium,  which  some  of  these  plants  greatly  resemble  in  habit  and 
foliage.  Selaginellas  from  the  warmer  parts  of  the  world  are  often  char¬ 
acterized  by  a  delicacy  in  form  and  color  that  causes  them  to  be  in  great 
demand  for  cultivation  in  conservatories.  Some  25  species  of  Selaginella . 
several  of  which  are  climbing  plants,  are  cultivated  domestically  as  or¬ 
namentals.  They  are  used  for  a  variety  of  purposes,  such  as  for  decorat¬ 
ing  terrariums,  for  edging  greenhouse  benches,  carpeting  the  ground  under 
the  benches,  furnishing  hanging  baskets,  and  draping  pillars.  The  widely 
publicized  Ressurection  Plant  (S,.  lepidophylla )  is  shipped  by  the  bale 
from  Mexico  for  sale  in  the  United  States  as  a  novelty.  It  is  so  called 
because  of  its  habit  of  curling  into  a  tight  ball  and  turning  brown  when 
dry,  and  opening  out  flat  and  becoming  green  again  when  moisture  is  avail¬ 
able  to  it.  Everett  (i960)  remarks  that  another  plant  sometimes  called 
Resurrection  Plant,  and  for  the  same  reason,  is  Anastatica  hierochuntica . 
a  native  of  Asia  Minor  belonging  to  the  Mustard  family.  The  species  of 
Selaginella  native  to  the  northeastern  states,  however,  are  so  small  and 
mosslike  as  to  be  easily  overlooked. 

These  plants  are  reproduced  by  spores.  The  most  distinctive  feature 
of  the  selaginellas  is  found  in  the  small  scalelike  leaves,  which  are  set 
close  together  all  along  the  stems;  in  many  cases  they  are  sessile  and 
align  parallel  to  the  stems  (not  at  right  angles  as  in  the  majority  of 
plants),  so  that  the  branches  and  leaves  are  in  one  flat  plane.  General¬ 
ly  they  are  of  a  light  green  color  but  in  some  species  they  are  bluish 
and  in  others  they  have  a  grayish,  reddish,  or  bronze  sheen.  Although 
these  plants  vary  much  in  habit  of  growth,  they  all  flourish  under  much 
the  same  conditions. 

Because  the  dry  plants  of  some  species  appear  to  become  fresh  and 
green  again  when  put  into  water,  physicians  in  India  often  use  them  as 
rejuvenators  for  the  human  body,  according  to  Puri  (1970).  They  are  also 
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used  in  the  treatment  of  mental  diseases,  rickets,  blood  vomiting,  and 
spermatorrhoea . 

Selaginella  rupestris  (L.)  Spring.  Spike-moss. 

Meaning  of  Species  Name.  Of  rocks. 

Other  Names .  Rock  Selaginella,  Festoon-pine,  Dwarf  Glubmoss, 
Christmas  Evergreen,  Resurrection  Plant. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and  quite 
possibly  by  fragmenting. 

Habitat ♦  Dry  rocks  or  packed  sand  in  subacid  soil. 

Range .  Que  to  Minn  and  Man,  s  to  Ga,  Ala,  Ark,  and  Okla;  also  in 
Eurasia . 

Distr  in  NYS .  "Local,"  as  given  by  House  (1924). 

Distr  in  the  Torrev  Range .  Scattered  throughout  the  range  except 
the  NJ  coastal  plain  and  LI,  there  not  reported. 

Elevation .  Grows  to  2000  ft  in  Ya. 

Time  of  Fr .  Jui-Oct;  Sep-Oct  at  Cornell. 

Origin .  Native. 

Remarks .  Grayish-green,  suggesting  a  rigid  moss. 

Since  these  plants  are  subjected  to  long  spells  of  summer  heat  and 
drought  on  the  exposed  sites  where  they  grow,  at  such  times  they  appear 
dry,  brittle,  and  lifeless.  They  respond  to  the  slightest  moisture,  how¬ 
ever,  and  become  soft,  dull  green,  and  lifelike  again  after  a  rain. 


Selaginella  rupestris — Spike-moss 
[From  Billington  (1952),  Fig.  24,  p.  Il6.j 
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ISOETALES 


This  order  is  related  to  the  Selaginellales  by  the  presence  of  a 
ligule  and  the  existence  of  a  heterosporous  condition  and  to  the  Lycopo- 
diales  in  anatomical  features  of  both  stem  and  leaves.  Among  other  char¬ 
acteristics,  it  differs  from  both  orders,  however,  by  the  general  habit 
of  the  plants,  the  root  system,  and  in  morphology  of  the  stem. 

This  order  contains  only  one  family,  the  Isoetaceae.  Isoetes .  the 
only  genus  in  this  family,  is  the  only  extant  remnant  of  a  once  dominant 
component  of  the  earth's  flora.  Some  botanists  feel  that  this  genus  is 
perhaps  a  relic  or  derivative  of  the  Pleuromeiales,  a  dominant  group  of 
Carboniferous  plants  that  persisted  into  the  Triassic,  rather  than  having 
been  derived  from  known  ancestral  stocks  of  either  Lycopodiales  or  Selag¬ 
inellales. 

ISOETACEAE,  the  Quillwort  Family 

Lawrence  (1951)  states  that  this  family  contains  a  single  genus, 
Isoetes .  These  mostly  aquatic  perennial  herbs  with  fleshy  cormlike  axes 
and  linear  grasslike  leaves  comprise  an  isolated  group  of  plants  not 
closely  connected  with  any  other  living  forms.  A  Quillwort  is  essen¬ 
tially  a  rosette  of  short,  hollow,  cylindrical,  pointed  leaves  with 
sporangia  in  their  axils.  The  species  are  so  similar  in  habit  and  aspect 
that  they  are  often  difficult  to  identify.  Of  the  50  or  more  species  of 
Isoetes ,  a  large  number  grow  on  the  bottoms  of  lakes,  ponds,  and  slow- 
moving  streams  at  depths  of  from  1  to  25  feet  below  the  surface  of  the 
water;  others,  however,  are  more  rarely  if  ever  submerged,  although  they 
always  grow  in  wet  places. 

In  Isoetes  there  is  a  sluggish  secondary  growth  in  the  short  stock, 
which  itself  shows  certain  analogies  with  the  stigmarian  trunks  of  gigan¬ 
tic  fossils.  Since  any  of  the  leaves  of  Isoetes  may  be  fertile,  the  whole 
plant  appears  as  a  strobilus  of  the  same  nature  as  Lepidostrobus ,  seated 
upon  a  stigmarian  base.  In  face,  Isoetes  is  like  a  telescoped,  but  still 
living,  fossil. 

Isoetes  L .  Quillwort . 

There  are  from  60  to  80  species  of  Isoetes  distributed  throughout 
the  world,  but  most  numerous  in  the  north  temperate  zone.  Some  20  spe¬ 
cies  occur  in  the  United  States,  7  of  which  grow  in  the  northeastern 
states  and  adjacent  Canada.  The  species  are  difficult  to  distinguish 
even  with  the  aid  of  a  compound  microscope.  None  of  the  species  is  of 
significant  economic  importance.  The  name  of  the  genus  is  said  to  be  de¬ 
rived  from  two  Greek  words  meaning  "equal"  and  "year,"  referring  to  the 
perennial  character  of  the  leaves. 

They  are  tufted  herbs,  mostly  living  at  the  bottom  of  fresh-water 
lakes,  though  a  few  are  amphibious  or  terrestrial.  A  plant  consists  of  a 
short,  lobed  stock,  bearing  crowded  awl-shaped  leaves  of  considerable 
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length.  Each  bears  a  ligule  on  its  upper  surface,  and,  when  fertile  (as 
any  one  of  them  may  be),  a  large  sporangium  lies  between  this  and  the 
axis.  Roots  with  dichotomous  branching  arise  from  furrows  between  lobes 
of  the  stem.  The  crisp  bulbs  of  some  species  are  favorite  morsels  of 
muskrats,  and  cattle  are  said  to  feed  upon  the  leaves  of  any  species  that 
is  accessible. 

%  * 

Isoetes  macrospora  Dur.  Lake  Quillwort . 

Meaning  of  Species  Name .  Large- spored. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Margins  and  shores  of  fresh  pools,  lakes,  and  streams, 
ascending  to  alpine  ponds. 

Range .  Nf  to  Minn,  s  to  Mass,  Catskill  mts  of  NY,  Mich,  and  Wis. 

Distr  in  NYS.  House  (1924)  states  that  it  is  rare,  but  it  is 
locally  common  in  some  areas  and  doubtless  generally  overlooked  else¬ 
where  . 

Distr  in  the  Torrev  Range .  "Lake  in  the  Catskills";  not  since 
recorded  with  certainty  in  our  area. 

Origin .  Native. 

In  Europe  the  fleshy  corms  of  a  related  species  (i.-  lacustris) 
have  occasionally  been  eaten  but  are  said  to  have  an  earthy  taste  that 
is  scarcely  palatable.  Fish  are  also  said  to  be  fond  of  the  tender 


"59“ 


THE  FERNS 


The  ferns  constitute  a  fascinating  group  of  plants  in  which  many 
people  are  interested,  but  the  more  or  less  technical  keys  to  the  various 
genera  and  species  sometimes  make  it  difficult  for  the  amateur  to  identify 
the  species  that  he  may  encounter  in  the  field.  It  is  hoped  that  the  fol¬ 
lowing  key  to  most  of  the  species  occurring  in  the  Catskills,  adapted  from 
Montgomery  (1978)  and  based  chiefly  on  vegetative  characters,  will  facil¬ 
itate  work  on  this  group  of  plants,  particularly  if  used  in  conjunction 
with  the  keys  and  illustrations  that  follow. 

A  Vegetative  Key  to  the  Ferns  of  the  Catskills 

1.  Blades  simple,  not  cut  into  separate  pinnae,  2 

2.  Blade  entire  (vegetative  blades  flat  and  leaflike;  plants  of 
woods,  open  fields,  or  rocks),  3 

3.  Blade  oval,  tapering  to  the  stipe . Ophioglossum  vulgatum 

3-  Blade  lanceolate,  cordate  at  the  base  (veins  areolate; 

blade  often  rooting  at  the  tip) . Asplenium  rhizonhvllum 

2.  Blades  pinnatifid,  4 

4.  Veins  areolate  (lobes  opposite  or  nearly  so,  entire  or 

wavy-margined;  basal  lobes  the  longest) . Onoclea  sensibilis 

4.  Veins  free,  5 

5.  Segments  again  pinnatifid;  primary  segments  connected 

by  a  wing  along  rachis .  Thelypteris  hexagonoptera 

5.  Segments  toothed  to  entire  (blades  and  upper  stipes 
without  scales;  usually  growing  on  rocks,  trees,  or 

thin  soil) .  Polypodium  vulgare 

1.  Blades  at  least  once  pinnate  (cut  into  separate  pinnae),  6 

6.  Blades  with  entire  to  serrate  pinnae,  7 
7-  Pinnae  auriculate,  8 

8.  Stipe  smooth  and  shining;  blade  thin- textured;  stipe 

bundle  one . Asplenium  platvneuron 

8.  Stipe  scaly;  fronds  thick-textured  and  evergreen;  stipe 
wTith  several  bundles  in  cross-section  (stipe  l/3  to  l/2 
as  long  as  the  blades;  lower  pinnae  not  much  reduced) 
.  Polys ti chum  acrostichoides 

7-  Pinnae  not  auriculate,  9 

9-  Blade  and  especially  stipe  fleshy  in  texture;  fertile 
segment  of  blade  very  different  from  the  vegetative 
in  appearance,  and  nearly  always  present .  Botrvchium 

9.  Blade  and  stipe  not  particularly  thick  or  fleshy; 
fertile  part  of  frond,  when  present,  much  like  the 
vegetative  part,  10 

10.  Pinnae  elongate,  entire  (pinnae  thin-textured, 

acuminate;  stipe  green) . Athvrium  pycnocarpon 

10.  Pinnae  nearly  orbicular,  blunt,  serrate  (stipe 

and  rachis  dark  brown) . Asplenium  trichomanes 

6.  Blades  with  pinnae  pinnatifid  to  pinnate  (or  more),  11 

11.  Blades  palmately  branched  (stipe  forked  at  summit) 

. . Adiantum  pedatum 
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11.  Blades  pinnately  branched,  12 

12.  Blades  elongate,  climbing;  pinnae  2-forked,  then  palmately 

lobed. . . . .  Lygodium  n  alma  turn 

12.  Blades  not  elongate  and  climbing;  pinnae  not  as 
above,  13 

13.  Frond  ternate;  i.e.,  the  two  lowest  pinnae  much  larger 
than  the  next  above,  and  stalked,  so  that  the  blade 
appears  to  be  made  up  of  three  nearly  equal  divisions,  l4 

14.  Fronds  0.5  m  tall  or  more;  coarse....  Pteridium  aquilinum 

l4.  Fronds  less  than  0.5  m  tall,  delicate,  15 

15.  Stipe  sparsely  scaly .  Gvmnocarpium  dr  yon  ter  is 

15.  Stipe  glabrous,  16 

16.  Frond  herbaceous,  deciduous,  finely 

divided .  Botrychium  virginianum 

l6.  Frond  leathery,  evergreen  or  nearly  so  Botrychium 
13.  Frond  not  ternate,  17 

17.  Pinnae  reduced  to  small  wings  at  base  of  blade 
(the  blade  tapering  at  both  ends),  l8 

l8.  Stipe  dark  brown,  thick;  fronds  clustered; 

blade  glabrous . Matteuccia  struthiopteris 

18.  Stipe  green,  thin;  fronds  scattered;  blades 

pubescent .  Thelypteris  noveboracensis 

17.  Pinnae  not  reduced  to  small  wings  below  (veins 
all  free),  19 

19.  Middle  pinnae  connected  by  a  wing  along  the 
main  rachis;  pinnae  pinnatifid,  20 

20.  Lowest  pinna-pair  free;  lower  blade  surface 

pubescent  and  scaly .  Thelypteris  phegopteris 

20.  All  pinnae  united  by  wings;  lower  blade 
surface  sparsely  pubescent,  not 

scaly .  Thelypteris  hexagonoptera 

19-  Pinnae  free,  except  at  tip  of  blade,  21 

21.  Fronds  15  cm  long  or  less;  mostly  small  rock 
ferns  with  tufted  fronds,  22 

22.  Stipes  brown  or  purple-black  throughout,  23 

23.  Stipes  jointed,  leaving  a  stubble 
of  uniform  old  bases  (blade  rusty- 

brown  hairy  below) . Woodsia  ilvensis 

23.  Stipes  not  jointed;  stubble  un¬ 
even,  24 

24.  Stipe  cross-section  with  two 
bundles  (stipe  brown  at  base, 
straw-colored  above) . .  Woodsia  obtusa 

24.  Cross-section  of  stipe  with  one 
bundle  (hairs  brownish  on  older 

blades) .  Cheilanthes  lanosa 

22.  Stipes  brown  only  at  base,  25 

25.  Fronds  widest  at  middle,  narrowly 
elliptic  in  outline,  only  1-2  cm 

broad . .  Woodsia  glabella 

25.  Frond  triangular  in  outline,  widest 
near  base,  2-5  cm  broad  (fronds 
spaced  apart;  fertile  fronds  very 
different  from  the  sterile  ones) 

. .  Cryptogramma  stelleri 


-61- 


21.  Fronds  more  than  15  cm  long,  26 

26.  Frond  bipinnate,  the  divisions  not  pinnatifid,  27 
27.  Stipe  and  rachis  very  scaly;  segments  spinulose 

.  Polys ti chum  braunii 

27.  Stipe  hairy  or  glabrous,  but  not  scaly;  segments 
entire  (fronds  usually  1/2  to  1  m  or  more  high) 
.  Osmunda  regalis 


26.  Frond  divisions  pinnatifid,  28 

28.  Fronds  pinnate-pinnatifid,  the  segments  or  lobes  of 
the  pinnae  entire,  29 

29.  Stipe  bundle  one,  horseshoe- shaped  D  with  incurved 
edges;  stipules  present  at  base  of  stipe,  30 

30.  Tuft  of  hairs  in  axils  of  mature  pinnae; 

pinnae  subacute  at  tip .  Osmunda  cinnamomea 

30.  No  tuft  of  hairs  in  axils  of  mature  pinnae; 

pinnae  round-tipped . Osmunda  clavtoniana 

29.  Stipe  bundles  2  at  base  of  stipe,  31 

31.  Veins  of  pinnules  forking;  pinnae  with  en¬ 
larged  basal  pinnules .  Thelvpteris  palustris 

31.  Veins  of  pinnules  not  forking:  basal  pin¬ 
nules  not  enlarged  (fronds  tufted;  rachis 

densely  hairy) . Athvrium  thelypteroides 

28.  Fronds  pinnate-pinnatifid  or  more  divided,  the  lobes 
of  the  pinnae  toothed,  lobed,  or  pinnate,  32 

32.  Blades  with  the  lower  surface  densely  hairy  or 
scaly,  the  surface  at  least  partly  obscured  by 
the  indument  (both  very  rare  ferns  in  the  Cats- 
kill  region),  33 

33*  Fronds  aromatic  glandular  and  scaly 

.  Drvopteris  fragrans 

33*  Fronds  not  aromatic  glandular,  with  hairs 
only  (hairs  eventually  turning  brown) 

. . .  Cheilanthes  lanosa 

32.  Blade  surface  sparsely  pubescent  to  glabrous,  34 

34.  Fronds  arising  singly  (but  growing  in  large 
colonies);  rachis  finely  hairy;  cross-section 
at  base  of  stipe  with  one  horseshoe- shaped 

bundle . Dennstaedtia  punctilobula 

34.  Fronds  tufted;  rachis  smooth  or  hairy;  stipe 
cross-section  at  base  of  stipe  with  2  or 
several  bundles,  35 

35.  Cross-section  at  base  of  stipe  with  2 
bundles,  36 

36.  Stipe  and  rachis  without  hairs  or  scales,  37 

37.  Fronds  lanceolate,  elongated,  often 
with  bulblets  beneath  upper  part  of 
blade;  stipe  pinkish  Cvstopteris  bulbifera 
,  37.  Fronds  ovate- oblong,  not  bulblet- 

bearing;  stipe  green  to  brown  (fronds 
clustered;  stipes  red-brown;  usu¬ 
ally  growing  among  rocks) 

.  Cvstopteris  fragilis 

36.  Stipe  and  rachis  with  hairs  or  scales  or 
both,  38 
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38.  Cross-section  of  the  stipe  with  2  round  bundles;  fronds 
slender,  with  blades  8  cm  or  less  broad;  rock  plants 
(axis  scaly  but  not  hairy;  stipe  brown  at  base,  straw- 

colored  above) . Woodsia  obtusa 

38.  Cross-section  of  stipe  with  2  elongate  curved  bundles; 
fronds  usually  stout,  10  cm  or  more  broad;  mostly  wood¬ 
land  plants,  39 

39*  Blade  pinnate-pinnatifid,  with  narrow  hairlike 

scales . Athyrium  thelypteroides 

39.  Blade  bi-  to  tri-pinnate,  scaleless  or  with  a  few 

broad  scales . Athyrium  filix-femina 

35.  Cross-section  at  base  of  stipe  with  5  small  bundles,  40 

ho.  Blade  bipinnate-pinnatif id  to  tripinnate  below,  the  seg¬ 
ments  with  sharp-pointed,  prominent  teeth,  4l 

4l.  Rachis  and  minor  axes  parts  glandular;  fronds  ever¬ 
green .  Dryopteris  spinulosa  ssp.  intermedia 

4l.  Rachis  and  minor  axes  without  glands;  fronds  not 
evergreen,  42 

42.  Innermost  bottom  pinule  about  equal  in  width  to 
the  pinnule  opposite  it  on  the  pinna,  shorter  to 
more  commonly  longer  than  the  next  pinnule ; 
teeth  incurved. ......  Dryopteris  spinulosa  ssp.  spinulosa 

42.  Innermost  bottom  pinnule  as  broad  as  2  pinnules 
above  it  on  the  pinna,  usually  much  longer  than 
the  pinule  adjacent;  teeth  spreading 

.  Dryopteris  spinulosa  ssp.  dilatata 

40.  Blade  pinnate-pinnatifid  to  bipinnate  only  at  base;  the 
segments  with  rounded  or  somewhat  acute  teeth  or 
entire,  43 

43.  Blade  thickish  in  texture,  evergreen;  scales  at  base 

of  stipe  in  a  dense  tuft,  light  brown..  Dryopteris  marginalis 

43.  Blade  normal  in  texture,  eventually  deciduous;  scales 
at  base  of  blade  dark,  or,  if  light,  then  scaly 
throughout ,  44 

44.  Lowest  pinnae-pair  ovate,  narrowed  at  base; 

scales  of  stipe  dark  brown  (frond  abruptly  nar¬ 
rowed  at  tip) .  Dryopteris  goldiana 

44.  Lowest  pinna-pair  triangular,  broadest  at  base; 
scales  light  brown,  45 

45.  Rinnae  turned  at  right  angles  to  plane  of 
frond  (like  Venetian  blind  slats);  fronds 
quite  narrow;  typically  a  few  very  small 
evergreen  fronds  at  base  of  plant  Dryopteris  cristata 

45.  Pinnae  usually  not  twisted  out  of  plane  of 
blade;  fronds  not  as  narrow,  but  more  vari¬ 
able  ;  small  evergreen  fronds  present  or 
absent .  Dryopteris  clintoniana 
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OFHIOGLOSSALES 


This  order  contains  a  single  family  of  mostly  terrestrial  (some¬ 
times  epiphytic)  herbs;  the  sporangia  are  without  annulae,  bivalvate, 
and  dehisce  by  slits.  The  ferns  of  this  order  are  conceded  to  be  among 
the  most  primitive  of  the  ferns,  but  the  three  living  genera  are  rather 
highly  specialized,  with  evidence  of  specialization  lying  in  features 
of  reduction  and  simplification  from  more  complex  relatives  and  ances¬ 
tors  . 

OPHIOGLOSSACEAE ,  the  Adder ' s-tongue  Family 

This  family  comprises  3  genera  and  from  50  to  60  species,  widely 
distributed  throughout  the  world  except  in  desert  regions.  They  are 
perennial,  scaleless,  typically  glabrous,  soft  and  fleshy,  terrestrial 
herbs.  The  plants  usually  prefer  acid  soils  and  are  often  found  in 
moist,  open  or  shaded  situations,  where  they  are  frequently  overlooked 
because  of  their  small  size. 

Key  to  Local  Genera 

1.  Sterile  leaf  blades  entire,  ovate  to  elliptic,  oblong;  spo¬ 
rangia  fused  together  in  a  simple  spike;  veins  reticulated 

.  Onhioglossum 

1.  Sterile  leaf  blades  variously  lobed,  pinnate,  or  decom¬ 
pound;  sporangia  free,  separate,  short-stalked,  in  loose 
or  compact  panicles;  veins  free,  forked . .  Botrvchium 

Botrvchium  Sw.  Grape  Fern. 

This  is  an  essentially  cosmopolitan  genus  of  about  23  species. 

They  are  perennial  herbs,  the  sterile  blades  sessile  or  stalked,  fleshy, 
and  mostly  pinna tely  or  subpalmately  compound.  The  name  of  the  genus 
is  derived  from  the  Greek  botrys .  a  cluster  of  grapes,  from  the  appear¬ 
ance  of  the  fruiting  cluster,  whence  also  the  common  name  Grape  Fern. 

Each  plant  typically  produces  one  frond  apparently  forked  into  one  ster¬ 
ile  leafy  portion  and  one  spore-bearing  fertile  portion. 

Key  to  Local  Species  of  Botrvchium 

1.  Plants  large,  often  30-60  cm  high;  sterile  part  of  frond  thin 
and  membranaceous,  sessile  at  about  the  middle  of  the  plant; 
base  of  the  stalk  (covering  the  bud)  opening  along  one  side 

. . . . .  B.  virginianum 

1.  Plants  smaller,  5" 25  (rarely  4o)  cm  high;  sterile  part  of  frond 
usually  somewhat  fleshy;  bud  completely  enclosed  by  base  of 
stalk,  2 

2.  Sterile  blades  slightly  pilose,  at  least  in  bud,  ternately 
decompound,  mostly  on  a  long  petiole  (chiefly  1-17  cm 
long)  from  near  base  of  plant;  the  margin  (seen  under  mag¬ 
nification)  whitish;  some  or  all  blades  overwintering; 
spores  ripe  in  late  summer  or  autumn,  3 


-64- 


3.  Ultimate  segments  lanceolate  to  lance-ovate,  acute  or  acutish, 
the  chief  terminal  ones  prolonged;  sterile  blades  becoming 
bronze  or  purplish  in  autumn;  spores  shed  from  mid-September 

into  November . F  dissectum 

3.  Ultimate  segments  of  sterile  blade  ovate,  obovate,  rhombic, 
or  rounded,  with  blunt  or  rounded  tips,  the  chief  terminal 
ones  not  greatly  prolonged;  sterile  blades  remaining  green 
all  winter;  spores  ripening  Jul-Nov,  4 

4.  Lateral  pinnules  elongate,  2-3  times  longer  than  wide 
(stalk  of  sterile  blade  5“ 15  cm  long,  the  blade  mostly 
6-12  cm  long  and  9-16  cm  wide,  bipinnate  to  tripinnate, 
the  pinnules  not  imbricate,  obviously  dentate;  fruiting 

August-November . . .  B.  x  oneidense 

4.  Lateral  pinnules  shorter,  less  than  twice  as  long  as 
wide;  fruiting  July-October ,  5 

5.  Stalk  of  sterile  blade  1-4  cm  long;  blades  mostly  3"5 
cm  long  and  wide,  bipinnate  to  tripinnate;  pinnules 
crowded,  often  imbricate,  mostly  ovate,  subentire 

to  crenate .  B.  multifidum  ssp.  multifidum 

5.  Stalk  of  sterile  blade  mostly  3“8  cm  long;  blade  nor¬ 
mally  6-11  cm  long  and  9"20  cm  wide,  tripinnate  to 
quadripinnatifid;  pinnules  not  imbricate,  mostly  less 
than  twice  as  long  as  wide,  subentire  to  dentate 

.  B.  multifidum  ssp.  silaifolium 

2.  Sterile  blade  pinnate  or  pinnatifid,  borne  high  above  the 
base,  glabrous  even  in  bud;  if  ternate  and  subbasal,  with 
petiole  less  than  1  cm  long;  margin  not  white  (as  seen 
through  lens);  fronds  soft  and  shriveling  in  summer  or  au¬ 
tumn,  not  evergreen;  spores  ripening  in  spring  or  summer,  6 

6.  Sterile  blade  simple  to  ternate,  rarely  pinnatifid,  basal 

or  subbasal .  B.  simplex 

6.  Sterile  blade  pinnate  or  pinnatifid,  not  ternate,  borne  from 
above  middle  to  summit  of  plant,  7 

7.  Sterile  blade  deltoid,  sessile  at  base  of  fruiting  panicle, 
its  segments  lanceolate,  acute;  expanding  basal  bud  with 
both  fertile  and  sterile  blades  abruptly  reflexed  B.  lanceolatum 

7.  Sterile  blade  oblong  to  ovate,  with  oblong,  oblong-ovate, 
or  narrowly  obovate  segments;  sterile  blade  sessile  or 
very  short-petioled,  borne  from  above  middle  to  summit  of 
plant,  pinnate  or  bipinnatifid;  the  expanding  basal  bud 
with  both  sterile  and  fertile  blades  erect,  ascending  or 
divergent,  not  both  reflexed .  B.  ma tricar iaefolium 

fi  » 

Botrvchium  dissectum  Spreng.  Cut- leaved  Grape  Fern. 

Meaning  of  Species  Name.  Dissected,  from  the  outline  of  the 
sterile  blade . 

Other  Names .  Dissected  Grape  Fern,  Cut-leaved  Moonwort. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Pastures,  clearings,  old  fields,  open  thickets,  sandy 
banks,  sterile  meadows,  low  thickets,  and  open  shaded  soil. 

Range .  NS  to  Minn,  s  to  Ga,  Ala,  La,  Okla,  Mo,  and  e  Tex. 

Distr  in  NYS .  Frequent. 
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less  common  in 


Distr  in  the  Torrev  Range.  Throughout  the  range; 
the  pine  barrens  than  elsewhere. 

Time  of  Fr.  Mid-Sep-Nov;  Aug-15~Sep  at  Cornell. 

Origin .  Native. 

This  is  the  latest  of  the  botrychiums  to  appear.  It  takes  kindly 
to  cultivation  if  taken  up  with  plenty  of  soil  and  left  to  itself  after 
replanting.  In  the  field  two  varieties  are  often  found  growing  side  by 
side;  the  differences  in  appearance  of  the  extremes  are  striking  enough 
to  lead  the  novice  to  suspect  that  two  separate  species  are  involved. 
Variety  dissectum  has  the  divisions  of  the  blade  deeply  and  finely  lacer¬ 
ated  or  divided,  the  segments  mostly  acute;  in  var.  obliauum  the  divi¬ 
sions  are  entire  to  serrulate  or  even  lobed,  but  not  finely  lacerated  or 
divided.  These  differences  are  well  illustrated  in  the  accompanying  illus 
trations . 

Botrvchium  lanceolatum  (Gmel.)  Rupr.  ssp.  angustisegmentum  (Pease  & 

Moore)  Clausen.  Lance-leaved  Grape  Fern. 

Meaning  of  Species  Name .  Lanceolate;  ssp.  name,  with  narrow  seg¬ 
ments  . 

Other  Names .  Triangle  Grape  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat ♦  Moist  shady  woodlands,  openings,  meadows,  and  margins 
of  swamps . 

Range .  Nf  to  Wis,  s  to  NJ,  Va,  Pa,  WVa,  and  0. 

Distr  in  NYS .  Infrequent  and  local. 

Distr  in  the  Torrev  Range .  NY;  Westchester  and  Rockland  co,  in¬ 
creasing  ...  northw. 

Time  of  Fr.  Jun-Jul;  Jul  at  Cornell. 

Origin .  Native. 

*  «s, 

Botrvchium  matricariaefolium  A.  Br.  Matricary  Grape  Fern. 

Meaning  of  Species  Name .  With  leaves  of  Matricaria  (Feverwort). 
Other  Names .  Wood's  Grape  Fern,  Meriden  Botrychium. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Woods,  thickets,  and  dry  to  moist  old  fields  in  sub¬ 
acid  soil. 

Range .  Lab  and  Nf  to  s  BC,  s  to  Md,  Va,  WVa,  0,  Mich,  Wis,  SD, 
and  Id;  also  in  Eurasia. 

Distr  in  NYS .  Common  across  the  state  northw,  chiefly  outside 
the  Adirondacks,  but  not  definitely  known  from  LI. 

Distr  in  the  Torrev  Range .  NY;  Reported  but  not  definitely  known 
from  LI,  otherwise  known  only  from  n  Westchester  co  northw. 

Time  of  Fr.  Jun-Jul(Aug) ;  Jun  15-Jul  at  Cornell. 

Origin .  Native. 

This  species  fruits  nearly  a  month  earlier  than  B.  lanceolatum. 
its  spores  often  ripening  by  the  middle  of  June. 
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Botrychium  lanceolatum  ssp.  angustisegmentum  Botrychium  matricariaefolium 

Lance-leaved  Grape  Fern  Matricary  Grape  Fern 

[From  Small  (1935),  p.  163.]  [From  Small  (1935),  p.  165 . ] 


Botrychium  raultifidum  ssp.  mult ifidum-- Leathery  Grape  Fern 
[From  Small  (1935)?  p.  173*] 

Botrychium  multifidum  (Gmel.)  Rupr.  ssp.  mult ifidum.  Leathery  Grape  Fern. 

Meaning  of  Species  Name.  Much  Divided. 

Other  Names .  Northern  Grape  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Open  fields,  moist  grassy  and  sandy  slopes,  plains, 
and  clearings,  rarely  in  ■woodlands. 

Range .  Nf  and  Que  to  Alta  and  BC,  s  to  Mass,  NY,  Mich,  Wis,  and 
Minn;  also  in  Eurasia. 

Distr  in  NYS .  Infrequent  across  the  n  part  of  the  state,  southw 
to  Washington,  Saratoga,  Herkimer,  Oneida,  and  Lewis  co. 

Distr  in  the  Torrey  Range .  Not  listed  in  Taylor  (1915)* 

Time  of  Fr.  Jul-Oct. 

Origin .  Native. 
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Botrychium  multifidum  ssp.  silaifolium 
[From  Billington  (1952),  Fig.  27,  p.  122.] 

Botrychium  multifidum  (Gmel.)  Rupr.  ssp.  silaifolium  (Presl)  Clausen. 

Meaning  of  Species  Name .  Much  divided;  ssp.  name,  with  leaves  of 
Silaus  (an  umbellifer). 

Synonyms .  B.  multifidum  (Gmel.)  Rupr.  var.  intermedium  (D.  C. 
Eat.)  Farw.  in  Fernald  (1950)  and  in  Gleason  (1952). 

Other  Names .  Coarse  Leathery  Grape  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Open  fields  and  woods  in  acid  soil. 

Range .  NB  to  BC,  s  to  Va,  0,  Ind,  Ill,  la,  Mont,  and  Cal. 

Distr  in  NYS .  Infrequent  or  rare. 

Distr  in  the  Torrev  Range .  NY:  Westchester,  Columbia,  and  Greene 
co. 

Time  of  Fr .  Jul-Oct. 

Origin .  Native. 
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Botrychium  x  oneidense — Oneida  Grape  Fern 
[From  Wherry  (1961),  p.  227.] 

Botrychium  x  oneidense  (Gilib.)  House.  Oneida  Grape  Fern. 

(B.  dissectum  x  B.  multifidum) 

Meaning  of  Species  Name.  Of  Oneida  co,  N.Y. 

Synonyms .  B.  dissectum  Spreng.  f.  oneidense  (Gilib.)  Clute  in 
Fernald  (1950);  B.  multifidum  (Ompl . )Rupr.  var.  oneidense  (Gilib.) 

Farw.  in  Gleason  (1952). 

Other  Names .  Blunt- lobed  Grape  Fern. 

Type  of  Plant.  A  perennial  herb. 

Habitat .  Moist  woodlands. 

Range .  NB  to  Ont  and  Minn,  s  to  NC,  Va ,  0,  and  Ind. 

Distr  in  NYS.  In  1924  known  only  from  Oneida,  Madison,  Albany,  and 
Ulster  co. 

Distr  in  the  Torrev  Range .  Not  listed  in  Taylor  (1915). 

Time  of  Fr .  Aug-Nov. 

Origin .  Native. 

As  can  be  noted  from  the  synonyms  listed  above,  there  is  some  con¬ 
fusion  as  to  the  exact  status  of  this  plant.  In  addition,  Clauson,  who 
monographed  the  Ophioglossaceae  in  1938,  treats  this  taxon  as  a  variety  of 
B.  dissectum.  while  another  authority  gives  it  full  species  status. 
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Botrychium  simplex--Dwarf  Grape  Fern 
[From  Small  (1935),  p.  167 . 3 

*  9 

Botrychium  simplex,  E.  Hitchc.  Dwarf  Grape  Fern. 

Meaning  of  Species  Name .  Simple,  from  the  leaf  outline. 

Other  Names.  Little  Grape  Fern,  Hitchcock’s  Grape  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Meadows,  pastures,  and  slopes. 

Range .  Nf  to  BC,  s  to  NJ,  Pa,  Ind,  Wis,  NM,  and  Cal;  also  in 
Eurasia . 

Distr  in  NYS .  Rare. 

Distr  in  the  Torrev  Range .  NY:  On  LI  and  up  the  Hudson  valley 
to  Dutchess  co. 

Time  of  Fr.  May-Jul. 

Origin .  Native. 

Remarks .  Among  the  rarest  of  the  botrychiums. 

Botrychium  virginianum  (L.)  Sw.  Rattlesnake  Fern. 

Meaning  of  Species  Name .  Of  Virginia. 

Other  Names ♦  Virginia  Grape  Fern,  Hemlock- leaved  Moonwort,  Vir¬ 
ginia  Moonwort. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich  woods. 

Range .  Lab  and  Nf  to  BC,  s  to  Fla,  Ariz,  and  Mex;  also  in  Eur¬ 
asia  . 

Distr  in  NYS .  Common. 

Distr  in  the  Torrev  Range .  Throughout  the  range  except  in  the 
pine  barrens,  always  increasing  northw. 

Elevation .  Observed  above  3000  ft  in  Delaware  co. 

Time. of  Fr.  May-Jun ;  May  20-Jun  at  Cornell. 

Origin.  Native. 
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Botrychium  virginianum — Rattlesnake  Fern 
[From  Wherry  (1961),  p.  221.1 

Sturtevant  (1919)  states  that  this  large  succulent  fern  is  boiled 
and  eaten  as  a  vegetable  in  the  Himalayas  as  well  as  in  New  Zealand. 
Densmore  (1928)  remarks  that  among  the  Chippewas  a  poultice  of  the  fresh 
root  was  applied  to  snake  bites.  In  addition,  "if  a  snake  got  into  the 
wigwam  a  decoction  of  this  root  was  sprinkled  around  and  the  snake  did 
not  return." 

/ 

Ophioglossum  L.  Adder ' stongue . 

These  are  hardy  perennial  ferns  with  entire,  simple  or  sparsely 
lobed,  sterile  blades,  widely  dispersed  in  tropical  and  temperate  regions. 
They  are  of  little  horticultural  value  but  are  sometimes  grown  in  gardens 
as  a  curiosity  or  for  botanical  interest.  There  are  about  25  species, 
mostly  tropical.  The  name  of  the  genus  is  derived  from  the  Greek  ophis , 
a  serpent,  and  glossa .  a  tongue,  referring  to  the  tongue- shaped  sporo- 
phyllum,  the  spore-bearing  structure.  This  genus  is  regarded  as  very 


I 


Ophioglossum  vulgatum- -Adder ' s-tongue 
[From  Small  (1935 )s  p.  159*] 

ancient,  for  sporangia  are  embedded  in  the  tissue  of  the  spike,  this  con' 
dition  being  regarded  as  a  more  primitive  characteristic  than  that  ex¬ 
hibited  by  the  rest  of  the  ferns. 

*  \ 

Ophioglossum  vulgatum  L.  Adder ' s-tongue 

Meaning  of  Species  Name.  Common. 

Other  Names .  Adder ' s-fern,  Adder ' s- spear ,  Snake ’ s-tongue,  Ser¬ 
pent  ' s-tongue ,  Adder ' s- spit,  Christ's  Spear. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Meadows,  grassy  swales,  wet  thickets,  damp  sands,  and 
sterile  pastures. 

Range .  PEI  and  Que  to  Wash,  s  to  Del,  Pa,  uplands  of  Va,  0, 

Ind,  Ill,  Neb,  Ariz,  and  Mex;  also  in  the  old  world. 

Distr  in  NYS .  Uncommon  or  locally  abundant  in  most  secs  of  the 
state . 

Distr  in  the  Torrev  Range .  Scattered  throughout  the  range  ex¬ 
cept  in  the  pine  barrens. 


-74- 


Time  of  Fr.  May-Aug;  Jun  15“Jul  at  Cornell. 

Origin .  Native . 

Both  roots  and  leaves  have  been  used  in  medicine,  this  fern  having 
long  had  a  reputation  as  a  vulnerary.  Grieve  (1967)  states  that  a  prep¬ 
aration  of  it,  known  as  the  "Green  Oil  of  Charity,"  is  still  in  request 
in  some  areas  as  a  remedy  for  wounds.  The  older  herbalists  called  it  "a 
fine  cooling  herb."  The  expressed  juice  of  the  leaves,  drunk  either 
alone  or  with  distilled  water  of  horsetail  (Equisetum  arvense)  was  once 
much  employed  by  country  people  in  Great  Britain  for  internal  wounds  and 
bruises,  vomiting  or  bleeding  at  the  mouth  or  nose.  Johnson  (1867),  how¬ 
ever,  considered  it  of  doubtful  value.  The  expressed  juice  was  also  con¬ 
sidered  good  for  sore  eyes.  A  "very  ancient  recipe"  gives  the  following 
directions  for  preparing  "an  efficacious  ointment"  for  wounds:  "Put  2 
lb.  of  leaves  chopped  very  fine  into  1/2  pint  of  oil  and  1  1/2  lb.  suet 
melted  together.  Boil  the  whole  till  the  herb  is  crisp,  then  strain  off 
from  the  leaves."  The  fronds  were  also  used  as  the  principal  ingredient 
in  "adder ' s- spear  ointment"  to  make  which  they  were  boiled  with  unsalted 
butter,  "For  them  that  are  with  newts,  or  snakes  or  adders  stung." 
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EUFILICALES 


This  is  the  largest  and  most  important  order  of  Pteridophyta , 
diverse  in  structure  and  cosmopolitan  in  distribution.  They  are  her¬ 
baceous  to  arborescent  and  terrestrial  to  aquatic  ferns,  varying  widely 
in  size  and  habit.  They  are  accepted  as  advanced  over  the  more  primi¬ 
tive  genera  of  the  Ophioglossales  and  Marattiales. 

OSMUNDA CEAE ,  the  Royal  Fern  Family 

This  family  contains  3  genera  and  about  20  species  of  terres¬ 
trial  or  subaquatic  ferns  of  ordinary  habit,  rarely  arborescent.  The 
family  is  primitive  among  ferns.  Among  its  distinctive  characters  is 
the  peculiar  sporangial  dehiscence,  with  the  annulus  composed  of  a  group 
of  clustered  cells  rather  than  the  usual  intracellular  ring. 

a 

Osmunda  L.  Cinnamon,  Interrupted,  and  Royal  Ferns. 

This  is  a  genus  of  some  12  species,  rather  widespread  over  trop¬ 
ical  and  temperate  regions  but  absent  from  western  North  America.  They 
are  coarse  perennial  ferns  with  pinnate-pinnatifid  or  bipinnate  fronds, 
growing  in  moist  places.  The  name  of  the  genus  is  of  doubtful  origin 
but  by  some  writers  is  said  to  be  derived  from  Osmunder,  the  Saxon  equiv¬ 
alent  of  the  god  Thor.  All  three  species  of  Osmunda  occurring  in  the 
Catskills  are  sometimes  cultivated  in  gardens  for  ornament.  They  are  not 
difficult  to  transplant. 

Economically  Osmunda  is  of  importance  as  the  major  source  of  fiber 
obtained  from  the  roots  and  rhizomes  of  this  genus  for  use  in  the  culture 
of  orchids  and  other  epiphytes.  The  fiber  comes  in  more  or  less  thick 
"mats"  and  has  to  be  chopped  and  cut  to  pieces.  For  small  plants  it 
should  be  cut  rather  fine.  Sphagnum  moss  is  added  to  it  in  preparing  the 
compost  for  some  orchids.  Osmunda  fiber  is  also  called  orchid-peat. 

Key  to  Local  Species  of  Osmunda 

1.  Fronds  twice  pinnate,  fertile  at  the  tip .  0.  regalis 

1.  Fronds  once  pinnate,  the  pinnae  deeply  pinnatifid,  2 

2.  Tufts  of  woolly  hair  present  at  base  of  each  sterile  pinna; 
sterile  pinnae  loosely  fringed  with  hairs  on  margins;  lobes 
of  pinnae  acutish;  fertile  fronds  separate  from  the  sterile, 

densely  woolly,  cinnamon- colored .  0.  cinnamomea 

2.  Tufts  of  woolly  hair  mostly  absent  at  base  of  each  sterile 
pinna;  sterile  pinnae  smooth;  lobes  of  pinnae  more  rounded, 
obtusish;  fertile  fronds  with  fertile  pinnae  in  middle  of 
frond  with  sterile  pinnae  above  and  below .  0.  clavtoniana 
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Osmunda  cinnamomea  L.  Cinnamon  Fern. 


Meaning  of  Species  Name.  Cinnamon- colored,  from  the  hue  of  the 
nearly  mature  fertile  fronds. 

Other  Names .  Buckhorn,  Fiddleheads,  Bread-root,  Swamp  Brake. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Swamps,  streambanks,  wet  woods,  and  thickets  in  sub¬ 
acid  soil. 

Range .  Lab  to  Minn,  s  to  Fla,  Tex,  NM,  and  trop  Am. 

Distr  in  NTS.  Common. 

Distr  in  the  Torrev  Range .  Common  throughout  the  range. 

Elevation .  Observed  above  3000  ft  in  Delaware  co. 

Time  of  Fr.  Spring;  May  20-Jun  at  Cornell. 

Origin .  Native. 

Remarks.  The  tufts  of  rusty  wool  at  the  base  of  the  pinnules 
will  usually  distinguish  this  species  from  0.  claytoniana  (they  are 
not  always  present  on  mature  fronds). 

This  species  does  well  planted  in  shaded  situations  if  provided 
with  sufficient  acid  humus.  An  examination  of  the  crown  when  the  fronds 
are  uncoiling  shows  that  sterile  and  fertile  fronds  are  borne  in  sepa¬ 
rate  "circles"  and  that  the  fertile  fronds  arise  from  the  outer  circle 
although  at  maturity  they  are  invariably  surrounded  by  the  sterile  fronds. 
The  exchange  is  made  by  a  sharp  bend  outward  at  the  base  of  the  petioles 
of  the  latter. 

Nestling  at  the  crown  of  the  rootstock  are  the  buds  for  several 
years  to  come.  This  central  portion  is  known  as  the  "heart  of  Osmund" 
or  occasionally  as  "bog  onion."  The  buckhorns,  or  white,  central,  unex¬ 
panded  fronds  are  crisp  and  tender,  with  a  nutty  flavor  somewhat  like 
raw  cabbage,  but  likewise  with  an  acridity  overlooked  by  the  small  boy 
but  usually  detected  by  those  who  have  left  their  boyhood  behind.  It 
can  be  obtained  by  pulling  up  the  clump  of  ha If- developed  fronds,  but 
this  operation  usually  destroys  the  plant.  The  young  crosiers  or  "fid¬ 
dleheads,"  6-8  inches  high,  have  been  commended  by  some  as  a  cooked 
vegetable,  boiled  in  salted  water  and  served  like  Asparagus,  but  they 
do  not  compare  very  well  in  flavor  with  those  of  the  Ostrich  Fern.  The 
Menominee  tribe  of  Indians  boiled  the  young  fronds  of  these  plants  and 
used  them  to  thicken  soups . 

In  areas  where  this  species  may  have  become  an  undesirable  weed, 
it  can  be  controlled  by  improved  drainage,  followed  by  plowing  and  clean 
cultivation.  Mow  the  fronds  two  or  three  times  a  year  in  pastures.  It 
must  be  pointed  out,  however,  that  this  fern  is  protected  by  law  in  New 
York  State,  so  these  operations  are  illegal  unless  carried  out  on  your 
own  land. 

*  =» 

Osmunda  claytoniana  L.  Interrupted  Fern. 

Meaning  of  Species  Name .  Named  for  John  Clayton,  a  pioneer 
botanist  of  Virginia,  ?-1773« 

Other  Names .  Clayton’s  Fern,  Clayton’s  Flowering  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 
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Osmunda  cinnamomea--Cinnamon  Fern 

[From  Small  (1935)?  p.  15^.]  Osmunda  claytoniana — Interrupted  Fern 

[From  Small  (1935),  p.  156.] 


Osmunda  regalis  var.  spectabilis--Royal  Fern 
[From  Wherry  (1961),  p.  205*1 

Habitat.  Moist  woods,  thickets,  swamp  margins,  and  wet  meadows. 

Range .  Nf  to  Ont  and  Minn,  s  to  Ga,  Tenn,  and  Ark. 

Distr  in  NYS .  Common  throughout  most  secs  of  the  state. 

Distr  in  the  Torrey  Range .  Throughout  the  range. except  in  the 
pine  barrens  and  e  and  s  of  them,  always  increasing  northw. 

Elevation .  Grows  to  5000  ft  in  Va,  2500  ft  in  the  Adirondacks . 

Time  of  Fr.  Spring  and  early  summer;  May  20-Jun  20  at  Cornell. 

Origin ,  Native. 

Remarks .  Commonly  cultivated;  it  does  well  in  a  shaded  situa¬ 
tion  if  provided  with  loose  rich  humus  and  subneutral  or  somewhat 
acid  soil. 

Osmunda  regalis  L.  var.  spectabilis  (Willd. )  Gray.  Royal  Fern. 

Meaning  of  Species  Name .  Royal;  var.  name,  showy. 

Other  Names .  Flowering  Fern,  Royal  Osmund,  Bracken,  Buck- thorn, 
Buckhorn,  King  Fern,  King’s  Fern,  Water  Fern,  Tree  Fern,  Snake  Fern, 
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Ditch  Fern,  Bog  Onion,  Herb  Christopher,  Hartshorn-bush,  Regal  Fern, 
Locust  Fern,  French  Bracken,  Royal  Moonwort,  St.  Christopher's  Herb, 
Heart  of  Osmund,  Buckthorn,  Brake,  Buckhorn  Brake. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Low  woods,  peaty  thickets,  swamps,  and  swales,  mostly 
in  acid  soil. 

Range .  Nf  to  Sask,  s  to  Fla  and  Tex;  also  in  trop  Am. 

Distr  in  HYS .  Common. 

Distr  in  the  Torrey  Range .  Common  throughout  the  range. 

Time  of  Fr.  Spring  and  early  summer;  May  20-Jun  at  Cornell. 

Origin .  Native. 

Remarks .  This  is  not  a  common  fern  in  the  Catskill  region. 

This  is  the  only  species  of  Osmunda  common  to  both  Europe  and 
America.  It  will  grow  in  cultivation  but  must  be  given  plenty  of  water 
in  order  for  it  to  produce  the  large  fronds  that  constitute  its  chief 
beauty.  This  species  is  the  chief  source  of  osmunda  fiber,  much  in  de¬ 
mand  among  orchid  fanciers,  professional  and  amateur  alike.  The  fiber 
is  really  the  wiry,  black  root  growth,  which,  when  freed  from  the  mud 
in  which  it  grows,  is  an  ideal  medium  for  the  potting  of  orchids  of  al¬ 
most  every  kind. 

The  rhizome,  which  has  a  mucilaginous  and  slightly  bitter  taste, 
has  been  used  in  medicine.  The  actual  curative  virtues  of  Osmunda  re~ 
galis  have  been  said  to  be  due  to  the  salts  of  lime,  potash,  and  other 
minerals  which  it  derives  in  solution  from  the  bog  soil  and  from  the 
water  in  which  it  grows.  A  decoction  of  the  root  has  been  considered 
of  good  effect  in  the  cure  of  jaundice,  when  taken  in  its  early  stages,  and 
for  removing  obstructions  of  the  viscera.  The  roots  have  also  been  made 
into  an  ointment  for  application  to  wounds,  bruises,  and  dislocations, 
the  young  fronds  being  thought  "good  to  be  put  into  baljns,  oyles  and 
healing  plasters."  A  conserve  of  the  root  was  used  for  rickets.  Gerard 
says:  "The  root  and  especially  the  heart  or  middle  thereof,  boiled  or 

else  stamped  and  taken  with  some  kinde  of  liquor,  is  thought  to  be  good 
for  those  that  are  wounded,  dry-beaten  and  bruised;  that  have  fallen  from 
some  high  place." 

Puri  (1970)  reports  that  in  India  this  species  is  considered  a 
tonic  and  styptic,  prescribed  in  the  treatment  of  rickets.  The  middle 
part  of  the  plant  boiled  in  liquid  is  also  considered  good  for  wounded 
persons,  and  the  rootstock,  macerated  in  water  or  gin  until  the  liquor 
becomes  a  stiff  mucilage,  has  been  used  to  cure  back  pains. 

SCHIZAEACEAE ,  the  Curly -grass  Family 

This  family  contains  4  genera  and  about  l60  species,  most  numerous 
in  the  American  tropics,  rare  in  temperate  regions.  They  are  terrestrial 
ferns  of  very  diverse  habit,  some  extremely  small  and  grasslike,  others 
climbing  by  leaves  of  indeterminate  length.  The  genera  are  so  markedly 
distinct  in  habit  that  early  botanists  raised  each  to  family  rank.  Schi- 
zaea  is  offered  occasionally  by  dealers  in  native  plants,  but  it  is  lit¬ 
tle  cultivated  and  then  only  as  a  novelty.  Lygodium  also  is  occasion¬ 
ally  cultivated  as  an  ornamental. 
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Lygodium  palmatum-~Climbing  Fern 
[From  Small  (1935) >  p.  1^-8.] 

Lygodium  Sw .  Climbing  Fern. 

There  'are  about  4o  species  of  Lygodium.  mostly  tropical.  The 
name  of  the  genus  is  derived  from  the  Greek  lugodes .  flexuous,  referring 
to  the  twining  rachis.  Some  species  of  Lygodium  are  cultivated  in  sub¬ 
tropical  regions  outdoors  on  trellises,  as  they  are  very  ornamental.  In 
northern  areas  they  are  grown  on  wires  fixed  to  pillars  or  the  wall  of 
the  greenhouse  or  trained  around  a  tripod  of  canes  as  pot  plants.  Plants 
grown  in  the  greenhouse  include  L.  .iaoonicum.  L.  nalmatum.  and  L.  circin- 
atum.  In  Ceylon  and  other  countries  hats  and  brooms  are  made  of  the  ra¬ 
chis  of  L.  scandens ,  a  native  of  tropical  Asia. 
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Lvgodium  palma turn  (Bernh.)  Sw.  Climbing  Fern. 


Meaning  of  Species  Fame .  Palmate  or  handlike,  from  the  shape  of 
the  pinnules. 

Other  Names.  Creeping  Fern,  Snake- tongue  Fern,  Windsor  Fern, 
Hartford  Fern,  the  last  two  names  referring  to  localities  in  Con¬ 
necticut  where  it  was  once  common. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Moist  acid  soil  of  thickets,  marshes,  and  open  woods. 

Range .  S  NH,  Mass,  and  c  NY  to  Pa,  WVa,  0,  and  Ky,  s  to  Fla  and 
Tenn . 

Distr  in  NFS.  Rare  in  Greene  and  Chenango  co. 

Distr  in  the  Torrey  Range .  A  rare  and  scattered  plant;  no  dis¬ 
tribution  for  NY  given  in  Taylor  (1915)» 

Elevation.  Grows  to  2100  ft  in  e  Pa . 

Time  of  Fr.  Aug-Sep. 

Origin .  Native. 

This  species  is  mostly  rare  and  local  and  is  one  that  is  much 
prized  in  ferneries  as  a  rarity.  In  the  late  l800's  the  leaves  were 
offered  for  sale  in  autumn  for  decorative  purposes  in  many  southern  and 
eastern  states;  the  great  demand  for  them  nearly  caused  the  plant's  ex¬ 
tinction  in  some  areas. 

POLYPOD IA CEAE ,  the  Polypody  Family 

This  is  a  large  family  of  170  genera  and  about  7000  species  or 
more;  it  is  cosmopolitan  in  distribution  and  includes  most  of  the  plants 
familiarly  known  as  ferns.  These  have  little  economic  value  except  for 
the  approximately  225  species  grown  as  ornamentals.  They  are  plants  of 
very  diverse  habit  but  rarely  treelike.  It  is  not  a  natural  family  but 
rather  an  assemblage  of  extraordinarily  diverse  ferns  tied  together  by 
the  attainment  of  certain  advanced  characters  that  have  been  selected  as 
a  taxonomic  basis.  It  constitutes  an  aggregation  of  the  highest  members 
of  several  lines  of  stock  and  all  are  known  as  "young  ferns,"  for  no 
members  of  the  family  are  known  before  the  Mesozoic. 

Key  to  Local  Genera 

1.  Fertile  fronds,  or  portions  of  fronds,  conspicuously  unlike 
the  sterile,  the  green  leaf  tissue  of  the  fertile  blades  much 
reduced,  2 

2.  Fertile  portions  of  fronds  green  and  leaflike,  terminal, 
the  pinnae  much  narrower  than  the  adjacent  sterile  ones; 
indusium  central,  attached  at  its  middle;  fronds  coria¬ 
ceous,  evergreen . . .  Polys ti chum 

2.  Fertile  fronds,  or  portions  of  fronds,  scarcely  or  not  at 
all  leaf like,  3 

3.  Sterile  fronds  1-pinnatifid,  with  entire  margins;  sterile 
pinnae  opposite;  veins  netted;  fertile  fronds  2-pinnate, 
segments  globose,  beadlike;  fronds  in  a  row  along  a  creep¬ 
ing  rootstock.. . . .  Onoelea 
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3*  Sterile  fronds  2-pinnatifid ;  sterile  pinnae  alternate;  veins 

free;  fertile  fronds  1-pinnate;  fronds  in  a  thick  clump.  Matteuccia 
1.  Fertile  fronds,  or  portions  of  fronds,  essentially  like  the 
sterile  in  appearance,  4 

4.  Sori  marginal,  the  indusium  appearing  to  consist  of  the  re¬ 
flexed  margin  of  the  frond;  rootstocks  creeping,  5 

5.  Sorus  apparently  continuous  along  the  whole  margin,  6 

6.  Fronds  very  large,  broadly  triangular,  l~3“pinnate 

(ultimate  segments  of  the  blades  entire) .  Pteridium 

6.  Fronds  small,  ovate- oblong  or  linear- lanceolate ,  7 

7.  Stipes  greenish  except  at  base;  fronds  delicate, 
membranous ;  fertile  and  sterile  fronds  of  differ¬ 
ent  form .  Crvntogramma 

7.  Stipes  brown,  hirsute  (inflexed  margin  of  the 
blades  scarcely  modified,  short  and  mostly  dis¬ 
continuous;  sterile  and  fertile  pinnae  alike;  hir¬ 
sute  beneath) . . . . .  Cheilanthes 

5.  Sori  several  or  many,  distinct,  8 

8.  Sori  sublimate,  borne  at  the  tips  of  the  fan- shaped 
pinnules  on  the  veins  on  the  under  side  of  a  reflexed 
marginal  lobe;  fronds  pedate  (pinnules  without  a  dis¬ 
tinct  midvein,  the  small  veins  repeatedly  forked,  all 

about  equal  in  size) . . Adiantum 

8.  Sori  as  broad  as  long,  marginal  or  partly  covered  by  a 
reflexed  tooth  of  the  incised  pinnule  in  addition  to 
the  true  cup- shaped  indusium;  fronds  2-pinnate  (ulti¬ 
mate  segments  of  the  blade  incised) . Dennstaedtia 

4.  Sporangia  usually  borne  in  definite  sori  distinctly  away 
from  the  leaf  margin,  or,  if  apparently  at  the  margins  of 
the  lobes  or  segments,  not  covered  by  a  reflexed  portion 
of  the  edge  of  the  leaf  blade,  9 

9.  Young  sori  (and  indusia  when  present)  elongated,  oblong  to 
linear,  often  curved,  10 

10.  Leaf  blades  simple,  entire,  narrow,  long- tapering  and 

rooting  at  the  tips;  veins  netted . Asnlenium 

10.  Leaf  blades  variously  pinnate  or  at  least  deeply  lobed; 
veins  free  except  the  lowest,  the  tips  not  anastomosing 
(sori  more  or  less  parallel  to  the  oblique  lateral 
veins  of  the  pinnae  or  their  lobes,  sometimes  curving 
and  crossing  them),  11 

11.  Leaves  mostly  small,  5" 30  cm  long,  evergreen  (if 
over  30  cm,  rachis  shining  dark  brown);  sori  not 
strongly  curved;  indusia  not  crossing  veins...  Asplenium 
11.  Leaves  mostly  large,  35” 100  cm  long,  not  ever¬ 
green;  rachis  green  or  sometimes  reddish;  sori, 
at  least  in  part,  strongly  curved  or  hooked;  in¬ 
dusia  (especially  the  apical)  often  crossing 

veins . . . Athvrium 

9*  Young  sori  (and  indusia  when  present)  more  or  less  cir¬ 
cular,  the  sori  appearing  as  roundish  dots  on  the  lower 
side  of  the  leaf,  12 

12.  Indusia  superficial  or  wanting;  fronds  often  ever¬ 
green,  13 
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13.  Fronds  scattered,  articulated  with  the  creeping  rootstocks, 
1-pinnatifid,  the  divisions  confluent  at  the  base;  sori 

without  indusia,  prominent .  Polyp  odium 

13.  Fronds  not  articulate,  1-3  pinnate,  if  1-pinnate,  the 
divisions  distinct;  rootstocks  creeping  or  not  creep¬ 
ing;  sori  naked  or  covered,  l4 

l4.  Indusia  entire,  peltate  (attached  by  the  middle);  pin¬ 
nae  serrate  or  spinulose- toothed;  fronds  coriaceous, 

evergreen . . .  Polys ti chum 

l4.  Indusia  cordate  or  absent;  pinnae  pinnatifid  or 
pinnate,  15 

15.  Indusia  absent;  rootstocks  creeping;  fronds 
easily  killed  by  frost,  16 

l6.  Basal  pinnae  stalked;  rachis  of  the  frond  not 
winged;  blade  nearly  horizontal,  subternate; 
veins  simple  or  once  forked,  reaching  the 
margin . G-vmnocarpium 

16.  Basal  pinnae  sessile  or  partly  adnate,  the 
rachis  more  or  less  winged;  blades  suberect, 

not  ternate .  Thelypteris 

15.  Indusia  present,  horseshoe- shaped,  orbicular,  or 
reniform,  17 

17.  Rootstocks  creeping;  veins  simple  or  once 

forked;  fronds  easily  killed  by  frost;  seg¬ 
ments  of  the  fronds  ciliate ;  rhizome  scales 
ciliate .  Thelypteris 

17.  Rootstocks  short,  suberect;  veins,  at  least 
the  lowest,  more  than  once  forked;  fronds 
cespitose,  evergreen  or  subevergreen;  rhizome 
scales  sometimes  toothed  but  not  ciliate..  Drvopteris 
12.  Indusia  inferior;  fronds  not  evergreen,  18 

18.  Rootstocks  creeping;  each  sorus  and  its  true  cup- shaped 
indusium  marginal  or  partly  covered  by  a  reflexed  tooth 

of  the  frond. . . . Dennstaedtia 

18.  Rootstocks  not  creeping;  sori  exposed,  19 

19.  Indusia  opening  on  one  side;  veins  reaching  margin 

of  pinnae . . . Cvstopteris 

19.  Indusia  splitting  into  many  stellate- spreading  shreds; 

veins  not  reaching  margin  of  pinnae . Woodsia 

/ 

Adiantum  L.  Maidenhair  Fern. 

This  is  a  large  genus,  chiefly  tropical.  Gleason  (1952)  states 
that  the  name  of  the  genus  is  derived  from  the  Greek  a,-,  without,  and 
diainein.  to  wet,  referring  to  the  fact  that  the  foliage  repels  rain¬ 
drops.  They  are  ferns  of  rich  and  mesophytic  to  damp  soils  in  tropical 
and  temperate  regions,  with  dark  and  often  "polished"  stipes,  the  main 
rib  (costa)  absent  (in  ours).  Many  species  are  well  known  in  greenhouse 
and  hothouse  cultivation,  but  one  is  hardy  and  can  be  grown  out  of  doors 
in  the  north.  A  favorite  species  for  the  greenhouse  or  as  a  pot  plant  is 
A.  cuneatum.  the  Delta  Maidenhair  Fern  from  Brazil,  the  fronds  of  which 
are  useful  for  decorative  purposes  when  cut.  Adiantum  canillus-veneris . 
the  Venus’ -hair  Fern,  can  be  grown  out  of  doors  in  the  southern  states, 
but  in  New  York  State  it  is  best  treated  as  a  greenhouse  plant. 
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Adiantum  pe datum- -Maidenhair  Fern 
{From  Billington  (1952),  Fig.  77,  p.  21 6.] 


Adiantum  pedatum  L.  Maidenhair  Fern. 

Meaning  of  Species  Name.  Pedately  forking. 

Other  Names .  Lock-hair  Fern,  Hair  Fern,  Rock  Fern,  Sweet  Fern, 
American  Maidenhair,  Canada  Maidenhair. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich  hardwoods  and  along  shaded  streams. 

Range .  Q,ue  and  Ont  to  Ak,  s  to  Ga,  La,  and  Okla. 

Distr  in  NYS .  Common  in  most  secs  of  the  state  northw  and 
westw  but  rare  on  the  coastal  plain  of  LI. 

Distr  in  the  Torrev  Range .  Throughout  the  range  except  in  the 
pine  barrens  and  the  reg  e  and  s  of  them,  there  not  recorded. 
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Elevation .  Grows  to  5000  ft  in  Va. 

Time  of  Fr.  Summer;  Jul-Aug  at  Cornell. 

Origin .  Native . 

The  leaves  of  this  species  are  bitter  and  aromatic  and  have  been 
considered  useful  in  chronic  catarrhs  and  other  pectoral  afflictions ,  by 
many  more  highly  valued  than  Adiantum  capillus-veneris .  A  tea  of  the 
leaves  was  used  to  treat  coughs,  colds,  and  hoarseness,  and  the  rhizome 
was  used  as  a  stimulant,  to  soothe  the  mucous  membranes  of  the  throat, 
and  to  loosen  phlegm.  The  fronds  were  likewise  much  used  as  an  ingre¬ 
dient  in  "Syrup  of  Capillare."  Some  old  writers  have  stated  that  the 
Maidenhair  Fern  was  so  called  because  it  was  used  to  dye  the  hair  yellow; 
they  confused  this  plant  with  Galium  verum.  one  of  the  bedstraws,  some¬ 
times  called  Maid’s  Hair,  the  plant  so  used. 

Several  species  of  native  ferns  have  been  used  for  various  medic¬ 
inal  purposes  by  the  Indians,  of  which  the  most  outstanding  example  is 
the  Maidenhair  Fern;  Peter  Kalm  is  the  authority  for  the  statement  that 
the  Indians  of  eastern  North  America  commonly  used  it  in  cases  of  diffi¬ 
cult  breathing.  They  also  used  the  roots  as  bitters  and  for  respiratory 
diseases.  This  species  never  became  official  in  the  United  States  but 
it  is  still  in  current  demand  by  drug  companies. 

The  Maidenhair  Fern  responds  favorably  to  transplanting,  but  it 
needs  a  light  humus  soil.  It  makes  a  beautiful  hardy  plant  for  cool, 
moist,  and  shaded  places  in  the  wild  garden,  rock  garden,  and  elsewhere. 

% 

Asplenium  L.  Spleenwort. 

This  is  a  genus  of  some  650  species  or  more,  mostly  tropical.  The 
name  of  the  genus  is  derived  from  the  Greek  a.-,  without,  and  snlen. 
spleen,  in  reference  to  supposed  medical  properties.  They  are  small, 
often  evergreen,  ferns  with  slender  to  filiform  stipes  having  the  vascu¬ 
lar  bundles  of  the  stipe  separate  and  peripheral  or,  if  united  toward 
the  summit,  forming  a  lunate  bundle. 

These  ferns  are  great  favorites  for  cultivation  out  of  doors  and 
under  glass.  The  hardy  cultivated  kinds  are  natives  of  North  America; 
the  others  grow  wild  in  tropical  Africa,  India,  and  other  countries. 

Among  the  hardy  kinds  are  A.  nlatvneuron .  the  Ebony  Spleenwort,  and  A. 
trichomanes .  the  Maidenhair  Spleenwort.  They  are  mostly  small  ferns  of 
tufted  growth,  best  suited  for  planting  in  shady  crevices  in  the  rock 
garden,  in  rock  walls,  and  in  the  wild  garden.  Both  of  them  benefit  by 
a  limey  soil. 

Asplenium  ruta-muraria .  the  Wall- rue  Spleenwort,  a  plant  native 
to  the  eastern  United  States  as  well  as  Europe,  was  once  considered  good 
for  coughs  and  ruptures  in  children.  One  of  its  old  names,  Tentwort  or 
Taintwort,  was  given  to  this  plant  because  it  was  supposed  to  be  a  spe¬ 
cific  for  a  scrofulous  disease  called  "the  taint,"  an  old  name  for  rick¬ 
ets  . 
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Asplenium  platyneuron--Ebony  Spleenwort 
[From  Shaver  (1954),  Fig.  82,  p.  153 ♦ ] 
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Key  to  Local  Species  of  Asplenium 


1.  Fronds  lance- linear ,  entire  or  undulate,  tapering  to  prolonged 
slender  rooting  tips,  cordate  and  round- auricled  at  base: 
stipes  green . A.  rhizophyllum 

1.  Fronds  1-,  2-,  or  3~pinnate,  not  entire  nor  with  cordate, 
round  auricled  bases;  stipes  polished,  brown  to  black,  and 
terete  at  least  below  (blades  of  the  fronds  thin- coriaceous) ,  2 
2.  Fronds  of  2  types,  the  upright  fertile  ones  much  larger  than 
the  small  spreading  basal  ones;  pinnae  of  erect  fronds  alter¬ 
nate,  auricled  at  base,  the  larger  ones  1-6  cm  long.  A.  platvneuron 
2.  Fronds  all  similar,  most  or  all  of  them  fertile  and 

loosely  ascending  to  spreading;  pinnae  subopposite,  with¬ 
out  basal  auricles,  broadest  above  base,  less  than  1  cm 
long . A.  trichomanes 

Asplenium  platvneuron  (L.)  Oakes.  Ebony  Spleenwort. 

Meaning  of  Species  Name .  Broad-nerved,  an  inappropriate  name 
derived  from  an  old  figure  with  an  exaggeratedly  broad  rachis. 

Other  Names .  Screw  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Open  woods,  wooded  slopes,  rocky  banks,  and  crevices 
of  ledges. 

Range .  Que  and  Me  to  Ont,  Ill,  Mich,  Wis,  la,  Kan,  and  Col,  s 
to  Fla  and  Tex. 

Distr  in  NYS .  Common  in  the  s  part  of  the  state  and  in  the  s 
tier  of  counties,  frequent  in  the  Hudson  valley  northw  to  L  Cham¬ 
plain,  rare  or  largely  absent  from  the  Adirondack  reg,  frequent  in 
c  NY  and  northw  to  St  Lawrence  co,  and  infrequent  or  rare  in  the 
w  counties. 

Distr  in  the  Torrey  Range .  Common  throughout  the  range  but  less 
so  in  the  pine  barrens  than  elsewhere;  more  common,  in  the  n,  on 
limestone  than  on  other  rocks . 

Elevation .  Grows  to  4200  ft  in  NC. 

Time  of  Fr.  Late  May-Sep;  Jun  25“Aug  at  Cornell. 

Origin .  Native. 

Remarks .  This  species  grows  well  in  cultivation. 

Asplenium  rhizophyllum  L.  Walking  Fern. 

Meaning  of  Species  Name.  Rooting  leaf. 

Synonyms .  Camptosorus  rhizophyllum  (L.)  Link  in  Fernald  (1950) 
and  in  Gleason  (1952) . 

Other  Names .  Walking- leaf ,  Wall- link. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores  and  by 
leaves  rooting  at  the  tips,  producing  new  plants. 

Habitat .  Shaded,  preferably  calcareous,  rock,  rarely  in  humus 
on  tree  trunks . 

Range .  Que  to  Ont  and  Minn,  s  to  Ga,  Ark,  and  Okla. 

Distr  in  NYS .  Unknown  on  LI  and  SI,  local  and  rare  from  West¬ 
chester  and  Rockland  co  northw  and  westw,  but  rather  abundant  on 
exposed  limestone  formations  from  the  Catskill  reg  northw  to  L 
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Asplenium  rhizophyllum- -Walking  Fern 
[From  Billington  (1952),  Fig.  65,  p.  19*+ •] 

George  and  westw  across  the  state,  and  reported  from  a  few  stations 
in  the  n  part  of  the  state . 

Distr  in  the  Torrev  Range .  NY:  From  Westchester  and  Rockland 
co,  northw. 

Elevation.  Grows  to  2500  ft  in  Va,  sea  level-3900  ft  in  the 
Torrey  range. 

Time  of  Fr.  May-Sep;  Jul-Sep  at  Cornell. 

Origin .  Native. 

This  fern  does  well  in  terraria  and  wardian  cases;  it  can  be 
grown  in  the  wild  garden  if  given  adequate  shelter  from  drying  winds 
and  damp,  mossy  limestone  rocks  as  a  substrate  medium. 

Asplenium  trichomanes  L.  Maidenhair  Spleenwort. 

Meaning  of  Species  Name .  By  pre-Linnean  botanists  placed  in  the 
genus  Trichomanes . 

Other  Names .  Wall  Spleenwort,  Dwarf  Spleenwort,  Waterwort, 
English  Maidenhair,  Black- stemmed  Spleenwort,  Waterwort  Fern,  Baby 
Fern,  Rock  Maidenhair,  Water  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Shaded,  often  calcareous,  rock  crevices. 

Range .  NS  and  Que  to  Wis,  ND,  and  Man,  s  to  Va,  upland  to  Ga 
and  Ala,  Ark,  and  Okla;  Alta  and  BC,  s  to  Col,  Ariz,  and  Ore;  also 
in  Eurasia . 
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Asplenium  trichomanes — Maidenhair  Spleenwort 
[From  Small  (1935),  p.  68.  J 

Distr  in  NYS .  Not  reported  from  the  extreme  w  and  sw  counties 
of  the  state;  rare  in  Genesee  and  Monroe  co,  becoming  more  frequent 
in  the  limestone  reg  of  c  NY  and  eastw  to  the  Hudson  valley;  ex- 
tremely  rare  and  largely  absent  from  the  Adirondack  reg;  not  re¬ 
ported  from  s  of  Dutchess  and  Rockland  co. 

Distr  in  the  Torrev  Range .  Throughout  our  range  except  in  NJ 
s  of  New  Brunswick,  Middlesex  co;  not  uncommon,  reaching  its  best 
development  on  limestone. 

Elevation.  Grows  to  2500  ft  in  Vt. 

Time  of  Fr .  Summer;  Jun-Oct  at  Cornell. 

Origin.  Native. 

The  fronds  of  this  species,  one  of  the  "maidenhair  ferns"  of  Con¬ 
tinental  Europe,  have  a  sweetish,  mucilaginous,  somewhat  astringent 
taste,  once  employed  medicinally  in  that  area  for  treating  chronic  ca¬ 
tarrhs  and  other  pectoral  afflictions.  They  were  formerly  often  sub¬ 
stituted  for  those  of  Adiantum  canillus- veneris  in  compounding  the  fa¬ 
mous  "Syrup  of  Capillare . "  A  tea  derived  from  this  species  also  has  a 
demulcent  effect,  considered  useful  in  pulmonary  disorders.  In  Arran, 
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the  fronds  have  been  dried  and  used  as  a  substitute  for  tea;  it  acts  as 
a  laxative.  In  India  it  is  considered  as  a  laxative,  anthelmintic,  and 
an  expectorant,  highly  useful  in  pulmonary  disorders.  This  very  dainty 
fern  can  be  grown  in  the  rock  garden  if  given  sufficient  moisture  and 
shelter  from  drying  winds . 

* 

Athvrium  Roth.  Lady  Fern,  Spleenwort. 

This  is  a  large  cosmopolitan  genus  of  hardy  and  tender  ferns  wide¬ 
ly  distributed  throughout  the  temperate  and  tropical  zones,  mostly  in  the 

northern  hemisphere.  The  name  of  the  genus  is  derived  from  the  Greek  a.-, 

without,  and  thureos,  shield,  referring  to  the  absence  of  a  peltate  in- 
dusium,  in  contrast  to  Polvstichum:  other  authorities  derive  the  name 
from  the  Greek  athvros .  door less,  the  growth  of  the  sporangia  only  tar¬ 
dily  forcing  back  the  outer  margin  of  the  indusia.  They  are  herbaceous 
ferns  with  elongate  pinnate  to  tripinnate  or  pinnatifid,  soft,  often 
fragile  fronds,  the  green  or  greenish  stipes  furrowed  or  flattened 
above.  This  genus  is  sometimes  merged  with  Asplenium. 

A  general  favorite  for  growing  out  of  doors  is  A.  f ilix-femina , 
the  Lady  Fern,  widely  distributed  throughout  Europe,  Asia,  and  North 
America,  and  easily  grown  in  semishady  positions.  There  are  numerous 

forms  of  it,  differing  in  the  size  and  form  of  the  fronds.  Several 

tropical  species  are  often  grown  in  greenhouses. 

Key  to  Local  Species  of  Athvrium 

1.  Fronds  simply  pinnate,  the  pinnae  long- attenuate  with  entire 
margins;  sori  straight,  linear,  20-40  of  them  on  each  side  of 

the  midrib . . . . . . . .  A .  pvcnocarpon 

1.  Fronds  bi-  or  tripinnate,  2 

2.  Fronds  pinnate-pinnatif id  (main  leaf  divisions  deeply 
lobed  but  not  cut  all  the  way  to  their  midribs);  rachis 
and  midnerves  of  main  leaf  divisions  mostly  with  narrow 
scales;  veins  of  leaf  lobes  mostly  not  forked....  A.  thelypteroides 
2.  Leaf  blade  twice  or  more  pinnate  (main  leaf  divisions 
divided  to  their  midribs  or  still  further  divided); 
rachis  and  midnerves  of  main  leaf  divisions  smooth; 
veins  of  leaf  lobes  mostly  forked....... . .  A.  f ilix-femina 

Athvrium  filix-femina  (L.)  Roth  ssp.  angustum  (Willd. )  Clausen.  Lady 
Fern. 


Meaning  of  Species  Name .  Lady  Fern,  the  Latin  name  originally 
applied  to  Bracken  but  transferred  by  Linnaeus  to  the  present  spe¬ 
cies,  presumably  on  account  of  its  fragility  and  delicate  cutting  as 
contrasted  with  the  Male  Fern,  Drvopteris  filix-mas ;  ssp.  name,  nar¬ 
row. 

Other  Names .  Backache-brake,  Brake. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Damp  thickets,  meadows,  streambanks,  and  swamps. 

Range .  Que  to  Ont  and  SD,  s  to  Md,  Tenn,  and  Mo. 
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Athyrium  filix-femina  ssp. 
[From  Billington  (1952), 


angustum-”Lady  Fern 
Fig.  62,  p.  193.] 
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Distr  in  NYS .  Common  throughout  most  secs  of  the  state  n  of 
the  coastal  plain. 

Distr  in  the  Torrey  Range .  Throughout  the  range,  but  less  com¬ 
mon  southw,  especially  in  the  pine  barrens. 

Elevation .  Grows  to  6000  ft  in  NO,  3000  ft  in  Delaware  co. 

Time  of  Fr .  Summer;  Jul-Sep  at  Cornell. 

Origin .  Native. 

The  name  Lady  Fern  is  of  very  ancient  origin,  going  back  to  the 
time  when  this  was  supposed  to  be  the  species  which  bore  the  "mystic 
fern  seed,"  so  valued  for  its  reputed  power  to  render  its  possessor  in¬ 
visible.  In  those  days  it  was  "Female  Fern,"  the  Male  Fern  being  Drvop- 
teris  filix-mas .  In  Russia,  "fern  seed"  was  also  supposed  to  confer 
second  sight.  This  species  is  of  easy  cultivation  in  the  garden  and 
will  grow  in  almost  any  soil  if  given  moisture  and  partial  shade. 

The  root  of  this  species  resembles  in  character  that  of  the  Male 
Fern  and  in  Europe  it  was  considered  to  possess  similar  medical  proper¬ 
ties,  but  it  is  less  powerful  in  action,  and,  according  to  Puri  (1970), 
quite  ineffective.  Some  Indian  tribes  of  Washington  employed  a  tea  of 
the  boiled  stipes  of  the  Lady  Fern  to  relieve  labor  pains.  They  also 
made  a  tea  from  the  boiled  rhizomes  of  this  fern  to  relieve  general 
body  pains.  The  Chippewas  boiled  four  lobes  from  the  rhizome  of  this 
plant  together  with  a  handful  of  Stinging  Nettle  roots  to  make  a  decoc¬ 
tion  used  to  treat  stoppage  of  urine. 

Athyrium  pycnocarpon  (Spreng.)  Tidestr.  Narrow-leaved  Spleenwort. 

Meaning  of  Species  Name .  With  crowded  fruits. 

Other  Names .  Glade  Fern,  Swamp  Spleenwort,  Kidney  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich,  often  calcareous,  wooded  slopes,  ravines,  talus 
slopes,  and  bottoms. 

Range .  Que  and  Ont  to  Minn,  s  to  Ga,  Ala,  La,  and  Kan. 

Distr  in  NYS.  Locally  abundant  across  the  middle  part  of  the 
state ;  not  reported  from  s  of  the  Gatskill  mts  in  Greene  and  Dela¬ 
ware  co;  not  reported  from  the  Adirondacks;  frequent  in  c  NY,  but 
uncommon  or  rare  from  Onondaga  co  westw;  not  reported  or  at  least 
very  rare  in  the  upper  Hudson  valley  and  the  L  George  reg. 

Distr  in  the  Torrey  Range .  NY:  The  Catskills  in  Greene  and 
Delaware  co. 

Elevation .  Has  been  reported  growing  at  2300  ft  in  the  Catskills, 
and  sea  level- 39^0  ft  in  the  Torrey  range. 

Time  of  Fr .  Aug-Sep;  Aug  15~Sep  20  at  Cornell. 

Origin .  Native. 

Athvrium  thelvpteroides  (Michx.)  Desv.  Silvery  Spleenwort. 

Meaning  of  Species  Name .  Resembling  Thelypteris  palustris .  the 
Marsh  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich  woods,  bottomlands,  and  shaded  slopes. 
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Athyrium  pycnocarpon — Narrow- leaved  Spleenwort 
[From  Billington  (1952),  Fig.  62,  p.  190.] 
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Athyrium  thelypteroid.es — Silvery  Spleenwort 
[From  Shaver  (1954),  Fig.  104,  p.  191-] 
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Range.  NS  and  NB  to  Ont  and  la,  s  to  Ga,  La,  and  Mo;  also  in  e 
Asia . 

Distr  in  NYS .  Rare  on  SI;  increasingly  abundant  or  common  northw 
throughout  most  secs  of  the  state  n  and  w  of  Putnam  and  Rockland  co. 

Distr  in  the  Torrey  Range .  NY:  Rare  on  LI  and  SI,  increasing 
northw . 

Elevation .  Grows  to  5000  ft  in  Va,  sea  level- 3850  ft  in  the 
Torrey  range . 

Time  of  Fr .  Jul-Sep;  Jul  25“Sep  15  at  Cornell. 

Origin.  Native. 

Both  this  and  the  former  species  do  well  in  a  wild  garden  if  pro¬ 
vided  with  sufficient  shade,  protection  from  wind,  and  a  light,  rich, 
well-drained  soil.  ^ 

Cheilanthes  Sw.  Lip  Fern 

This  is  a  large  genus,  mostly  confined  to  arid  regions,  natives 
of  the  Malay  Peninsula,  tropical  America,  the  United  States,  and  China. 
The  name  of  the  genus  is  derived  from  the  Greek  cheilos .  a  margin  or 
lip,  and  anthos,  flower,  referring  to  the  submarginal  sori.  They  are 
low  ferns  of  warm  and  temperate  regions  (chiefly  xerophytic),  with 
mostly  twice-  or  thrice-pinnate  chaffy,  pubescent  or  smoother  fronds, 
the  sterile  and  fertile  ones  often  nearly  alike,  the  divisions  with  the 
principal  veins  median.  Some  species  with  continuous  indusia  closely 
approach  Pellaea ;  others  with  strongly  dimorphic  fronds  simulate  Crypto- 
gramma  .  Most  of  them  grow  in  dry  rocky  situations;  the  covering  of 
hairs  or  farina  (fine  powder)  on  the  fronds  prevents  excessive  transpi¬ 
ration.  Tropical  species  are  sometimes  grown  in  greenhouses  but  our 
native  plants  can  be  grown  out  of  doors  in  milder  parts  of  North  America. 

Cheilanthes  lanosa  (Michx.)  D.  C.  Eat.  Woolly  Lip  Fern. 

Meaning  of  Species  Name .  Woolly. 

Other  Names .  Hairy  Lip  Fern,  Clothed  Lip  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Cliffs,  shale  outcrops,  rocky  slopes,  and  gravelly 
banks,  mostly  in  subacid  soil. 

Range .  Ct  and  NY  to  Wis  and  Minn,  s  to  Ga  and  Tex. 

Distr  in  NYS.  Rare  in  se  NY. 

Distr  in  the  Torrey  Range .  NY:  Not  uncommon  in  Manhattan  and  the 
Bronx  and  up  the  Hudson  valley  to  near  Poughkeepsie;  unknown  else¬ 
where  . 

Elevation .  Grows  to  1900  ft  in  NC;  sea  level- 2980  ft  in  the  Tor¬ 
rey  range . 

Time  of  Fr.  Jun-Sep. 

Origin .  Native. 

Remarks .  Fronds  curling  during  drought  are  revived  by  rain. 
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Cheilanthes  lanosa — Woolly  Lip  Fern 
[From  Shaver  (1954),  Fig.  42,  p.  75-] 
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Crvptogramma  R.  Br.  Rock  Brake. 

There  are  two  species  of  Crvptogramma .  natives  of  temperate  re¬ 
gions.  The  name  of  the  genus  is  derived  from  the  Greek  kryptos ,  hid¬ 
den,  and  gramme ,  line,  referring  to  the  lines  of  sori  concealed  by  the 
reflexed  leaf  margins.  They  are  ferns  of  cool  regions  of  the  northern 
hemisphere,  strongly  dimorphic,  the  fertile  fronds  taller  and  with  nar¬ 
rower  divisions  than  the  sterile.  The  American  Parsley  Fern,  C,.  crispa 
var.  acrostichoides ,  grows  4-12  inches  high  and  bears  finely  divided, 
parsley-like  fronds  that  die  down  in  autumn.  It  is  suitable  for  the  rock 
garden  and  does  well  in  shady  fissures  of  sandstone  rocks. 

Cryptogramma  stelleri  (Gmel.)  Prantl.  Slender  Cliff  Brake 

Meaning  of  Species  Name.  Named  for  its  discoverer,  Georg  Wil¬ 
helm  Steller ,  1709-1746. 

Other  Names .  Fragile  Cliff  Brake;  Steller' s  Parsley  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Cool  shaded  calcareous  rocks  and  springy  slopes; 

House  (1924)  says  "On  rocks  and  cliffs,  preferring  limestone." 

Range .  Nf  and  Que  to  Ak,  s  to  NJ,  Pa.  WVa,  Ill,  la,  Col,  Utah, 
and  Wash;  also  in  Asia. 

Distr  in  NYS.  House  (1924)  reported  it  as  "Rare";  it  is  now  con¬ 
sidered  infrequent  over  the  eastern  portion  of  the  state. 

Distr  in  the  Torrev  Range .  "A  rare  and  local  species  so  far  col¬ 
lected  only  from  Ct  and  NJ." 

Time  of  Fr.  May-Sep;  Jun  25”Jul  at  Cornell. 

Origin .  Native. 

This  is  one  of  our  most  delicate  species  and  is  able  to  live  only 
in  deep  shade  and  moisture,  yet  the  greater  part  of  its  range  appears  to 
be  north  of  the  United  States.  Kobbe  (1926)  reports  that  near  Haines 
Falls  in  Greene  County  this  species  was  found  growing  on  shale  contain¬ 
ing  2.5  percent  lime. 

p 

Cystopteris  Bernh.  Bladder  Fern. 

There  are  10  or  12  species  of  Cystopteris ;  they  are  hardy,  decidu¬ 
ous  ferns  that  grow  mostly  in  the  temperate  regions  of  Asia  Minor,  Eu¬ 
rope,  and  America.  The  name  of  the  genus  is  derived  from  the  Greek  kus- 
tis .  bladder,  and  pteris ,  fern,  referring  to  the  inflated  indusia.  They 
are  delicate  plants  with  finely  dissected  pinnate  fronds  and  are  nearly 
cosmopolitan  in  cool  or  temperate  areas.  These  ferns  are  suitable  for 
cultivating  in  a  cool,  moist,  shady  rockery,  and  they  make  very  attrac¬ 
tive  pot  plants  for  the  cool  greenhouse.  Cystopteris  bulbifera  is  prop¬ 
agated  by  removing  the  bulbils  on  the  fronds  and  pressing  them  into  pots 
of  light  soil  in  summer. 
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Cryptogramma  stelleri--Slender  Cliff  Brake 
[From  Billington  (1952),  Fig.  76,  p.  215 . ] 

Key  to  Local  Species  of  Cystopteris 

1.  Blade  lanceolate,  usually  broadest  above  the  base,  with  an 
acute  to  accuminate  but  never  greatly  enongated  apex;  lower 
pinnules  of  pinnae  decurrent  on  the  rachis;  veins  ending 
mostly  in  teeth;  no  bulblets  present;  indusia  acute  or 

acuminate  (9"  15  pairs  of  pinnae)........... .  C.  fragilis 

1.  Blade  usually  broadest  at  base,  deltoid  to  lanceolate;  lower 
pinnules  not  decurrent;  veins  most  often  ending  in  sinuses; 
bulblets  frequently  present,  2 

2.  Blade  gradually  long-tapering  to  a  narrow  apex,  which  is 
often  greatly  elongated;  indusia  mostly  truncated;  very 
small  stipitate  glands  frequently  present  on  indusia  or 
even  on  the  lower  sides  of  leaflets;  leaflets  and  pinnules 
sessile  or  almost  so;  segments  of  leaves  and  of  leaflets 
near  their  apices  not  strongly  ascending  (20-U0  pairs  of 
pinnae) .  C.  bulbifera 
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2.  Blade  acuminate  but  never  gradually  long- tapering  to  a 
very  greatly  elongated  apex;  indusia  sometimes  ovate  to 
lanceolate,  acute  or  sometimes  truncated  or  toothed  apic- 
ally,  with  entire  or  notched  sides;  leaflets  petiolulate 
with  pinnules  (at  least  the  proximal  basal  ones)  also 
petiolulate  or  sometimes  sessile;  segments  of  leaves  or 
of  leaflets  near  their  apices  often  oblong,  with  parallel 
sides  and  strongly  ascending .  C.  x  tennesseensis 

Cvstopteris  bulbifera  (L. )  Bernh.  Bulb let  Bladder  Fern. 

Meaning  of  Species  Name .  Bearing  bulbs. 

Other  Names .  Bulb let  Fern,  Bladder  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Shaded  ravines,  moist  woods,  rocky  (often  calcareous) 
slopes,  and  steep  banks. 

Range .  Nf  to  Man  and  Utah,  s  to  Ga,  Tenn,  Ark,  NM,  and  Ariz. 

Distr  in  NYS .  In  1924  House  reported  that  this  species  is  common 
in  the  n,  e,  and  c  portions  of  the  state  and  below  3000  ft  in  the 
Adirondacks;  absent  or  very  rare  on  the  coastal  plain,  and  rare  s  of 
Dutchess,  Columbia,  and  Greene  co;  rare  or  at  least  (at  that  time)  not 
reported  from  the  Catskill  mts,  and  uncommon  or  rare  in  the  Susque¬ 
hanna,  Chemung,  and  Tioga  valleys. 

Distr  in  the  Torrev  Range .  Columbia,  Dutchess,  and  Greene  co 
in  the  Hudson  valley;  not  yet  reported  from  the  Catskills  in  1915- 

Elevation .  Grows  to  3500  ft  in  Va;  sea  level-2580  ft  in  the 

Torrey  range . 

Time  of  Fr.  Jun-Sep;  Jul-Aug  at  Cornell. 

Origin .  Native. 

Cvstopteris  fragilis  (L.)  Bernh.  var.  mackavii  Lawson.  Fragile  Fern. 

Meaning  of  Species  Name.  Fragile;  var.  name,  for  its  discoverer, 

Alexander  Howard  MacKay,  1848-1929* 

Other  Name s .  Common  Fragile  Fern,  Fragile  Bladder  Fern,  Common 
Bladder  Fern,  Bottle  Fern,  Brittle  Fern,  Bladder  Fern,  Brittle  Blad¬ 
der  Fern,  White  Oak  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Moist  rocky  slopes,  damp  rocks,  ledges,  and  rich  open 
woods . 

Range .  NS  to  Mich  and  ND,  s  to  Md,  upland  to  NC,  Tenn,  and  Mo; 
also  in  Eurasia. 

Distr  in  NYS.  Common  northw  across  the  state,  in  c  NY,  and  in 
the  w  counties  of  the  state;  less  common  in  the  s  tier  of  counties 
bordering  on  Pa  and  unknown  on  LI;  very  rare  on  SI;  fairly  common 
in  the  Hudson  valley. 

Distr  in  the  Torrev  Range ♦  NY:  Unknown  on  LI,  rare  on  SI, 
thence  increasing  northw. 

Elevation .  Grows  to  5000  ft  in  NH,  sea  level-3800  ft  in  the 
Torrey  range. 

Time  of  Fr .  Jun-Sep;  Jun  10-Aug  10  at  Cornell. 

Origin.  Native. 
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Cystopteris  bulbifera--Bulblet  Bladder  Fern 
[From  Shaver  (1954),  Fig.  170,  p.  323-] 
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Cystopteris  fragilis  var.  mackayii--Fragile  Fern 
[From  Small  (1935),  p.  125.] 

Cystopteris  fragilis  is  widely  distributed,  being  found  in  Japan, 
Cape  of  Good  Hope,  India,  Alaska,  the  West  Indies,  and  in  Greenland,  where 
it  grows  within  12°  of  the  North  Pole,  seemingly  able  to  adapt  itself  to 
all  kinds  of  climate . 

/  / 

Cystopteris  x  tennesseensis  Shaver.  Tennessee  Bladder  Fern. 

(CM  bulbifera  x  C.  fragilis ) 

Meaning  of  Species  Name .  Of  Tennessee. 

Type  of  Plant .  A  perennial  hybrid. 

Habitat.  Shaded  ravines  and  moist  woods. 

Range .  NY,  s  to  Tenn,  possibly  elsewhere. 

Distr  in  NYS .  Not  listed  in  House  (1924),  but  since  found  in 
Clinton  and  Greene  co. 

Distr  in  the  Torrey  Range .  Not  listed  in  Taylor  (1915)* 

Time  of  Fr.  Jun-Aug. 

Origin.  Native. 

Remarks.  First  described  by  Shaver  from  material  collected  in 
1944  near  Rome,  Tennessee. 
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Cystopteris  x  tennesseensis — Tennessee  Bladder  Fern 
[From  Shaver  (195I4),  Fig.  175,  p.  331*1 
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Dennstaedtia  Bernh.  Hay- scented  Fern. 

There  are  about  50  species  of  Dennstaedtia.  mostly  tropical  and 
subtropical  ferns.  The  name  of  the  genus  commemorates  August  W.  Denn- 
staedt,  a  German  botanist  of  the  early  nineteenth  century.  They  are 
pubescent  ferns  with  slender  creeping  rhizomes.  The  Hay- scented  Fern 
is  sometimes  planted  in  wild  gardens.  Two  species  are  grown  in  green¬ 
houses,  or  outdoors  in  warm  countries--]}.  adiantoides  and  D.  cicutaria . 
both  from  the  West  Indies  and  northern  South  America. 

Dennstaedtia  punctilobula  (Michx.)  Moore.  Hay- scented  Fern. 

Meaning  of  Species  Name .  With  dotted  lobules. 

Other  Names .  Boulder  Fern,  Fine-haired  Fern,  Hairy  Dicksonia, 
Fine-haired  Mountain  Fern,  Gossamer  Fern,  Pasture  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores  and 
creeping  rootstocks. 

Habitat.  Open  woods,  rocky  slopes,  pastures,  and  cleared  land 
in  rather  sterile  soil. 

Range .  Nf  and  NS  to  Ont  and  Minn,  s  to  Ga,  Ala,  Ark,  and  Mo. 

Distr  in  NYS .  Common  or  frequent  in  the  n,  e,  and  c  portions 
of  the  state,  rare  on  LI  and  SI  and  w  of  Wayne  co,  frequent  in  the 
Catskill  mts  and  Chenango  co  but  uncommon  or  rare  in  the  s  tier  of 
counties  from  Broome  co  westw. 

Distr  in  the  Torrey  Range .  Throughout  the  range  except  in  the 
pine  barrens;  rare  on  LI,  SI,  and  in  s  NJ. 

Elevation .  Grows  to  5600  ft  in  Va;  observed  on  the  summit  of 
Slide  Mt  at  4l00  ft  in  Ulster  co. 

Time  of  Fr.  Jul-Oct;  Jul  25“Sep  15  at  Cornell. 

Origin .  Native. 

The  fronds  of  this  species  are  minutely  glandular-hairy  and  when 
bruised  give  off  a  strong  sweetish  fragrance  suggestive  of  new-mown  hay. 

In  areas  where  this  species  has  become  a  noxious  weed,  it  can  be 
controlled  by  mowing  close  to  the  ground  with  a  scythe  before  spores  are 
matured.  Small  patches  can  be  grubbed  out  by  hand  or  sprayed  with  a 
weed  killer.  Cultivation  will  eradicate  the  fern,  but  land  infested 
with  it  usually  is  so  rocky  or  steep  that  plowing  is  impractical.  It 
is  almost  impossible  to  eradicate  from  stony  soil. 

0 

Drvopteris  Adans.  Wood  Fern. 

This  is  a  large  and  very  complex  genus  of  world-wide  distribu¬ 
tion.  The  name  of  the  genus  is  derived  from  the  Greek  drus,  oak,  and 
pteris ,  fern,  according  to  some  authorities,  but  Everett  (i960)  states 
that  it  is  derived  from  the  Greek  dryad,  wood  nymph,  and  pteris ,  fern, 
alluding  to  the  fact  that  they  are  woodland  plants.  All  are  of  compara¬ 
tively  easy  cultivation,  and  most  of  the  native  species  are  ideal  for 
grouping  boldly  in  open  woodland  or  other  shady  positions.  A  number  of 
species  are  also  satisfactory  greenhouse  plants. 

Drvopteris  filix-mas .  the  Male  Fern,  is  a  native  of  Europe,  Asia, 
northern  Africa,  and  North  America,  the  rhizomes  of  which  have  been  much 
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Dennstaedtia  punctilobula-- Hay- scented  Fern 
[From  Billington  (1952),  Fig.  6l,  p.  188.J 

-105“ 


used  in  medicine.  The  roots  of  other  species  of  fern,  particularly  D. 
spinulosa ,  -were  frequently  substituted  for  the  official  root,  and  in  the 
dried  state  it  is  difficult  to  distinguish  them;  Athyrium  filix-femina 
also  has  similar  properties,  according  to  some  authorities.  The  rhizome 
of  the  Male  Fern  is  slightly  tonic  and  astringent;  it  was  used  by  the 
ancients  as  a  vermifuge  and  is  mentioned  in  the  works  of  Dioscorides, 
Theophrastus,  Galen,  and  Pliny.  The  Delaware  Indians  also  used  this  spe¬ 
cies  as  a  tapeworm  expellent,  but  Vogel  (1970)  states  that  August  Mahr  is 
doubtless  correct  in  saying  that  they  acquired  their  use  of  this  plant 
from  the  Europeans.  This  drug  has  also  been  much  employed  for  similar 
purposes  by  veterinary  practitioners.  In  large  doses,  however,  it  is  an 
irritant  poison,  having  proved  to  be  particularly  injurious  to  the  eye¬ 
sight,  even  causing  blindness. 

Key  to  Local  Species  and  Subspecies  of  Dryopteris 

1.  Fronds  0.2-3  dm  long,  0.8-6  cm  wide,  spicy- aromatic ;  lowest 
pinnae  0.2-2  cm  long,  0.2-1  cm  wide;  indusia  1-2  mm  broad,  of¬ 
ten  overlapping,  the  sinus  often  obscure;  basal  scales  3“ 15  mm 
long;  blades  capitate  glandular  on  the  rachis,  veins,  and  mar¬ 
gins;  a  boreal  xerophyte . . .  D.  fragrans 

1.  Fronds  1-10  dm  or  more  long,  4-40  cm  wide,  not  especially 
aromatic;  lowest  pinnae  mostly  more  than  2  cm  long  and  1  cm 
wide;  indusia  0.4-2  mm  broad,  not  overlapping,  their  sinuses 
distinct;  basal  scales  0.5“3-5  mm  long;  plants  chiefly  of 
woods  and  swamps,  2 

2.  Fronds  tripinnate,  tripinnatifid,  or  bipinnate,  evergreen 

or  half  evergreen,  firmly  membranaceous  but  hardly  coriaceous; 
their  ultimate  segments  only  3" 15  mm  long  and  2-8  mm  wide, 
finely  pinnate- cleft  or  incised,  with  their  teeth  ending  in 
mucronate  or  short  bristle-like  tips;  basal  scales  of  stipe 
ovate,  0.5” 1-5  mm  long;  indusia  0.4- 1.4  mm  in  diameter,  3 

3.  Indusia  glandular;  frond  bipinnate . D.  x  boottii 

3.  Indusia  glabrous,  or,  if  glandular,  the  frond  finely 
tripinnatifid,  4 

4.  Basal  inferior  and  superior  pinnules  of  lowest  pin¬ 
nae  remote,  0.5”2  cm  apart;  the  inferior  3" 10  cm 
long,  2-4  times  as  long  as  the  superior  and  common¬ 
ly  exceeding  2nd  inferior  pinnule ;  frond  not  glan¬ 
dular;  indusia  glabrous .  D.  spinulosa  ssp.  dilatata 

4.  Basal  inferior  and  superior  pinnules  of  lowest  pin¬ 
nae  subopposite,  rarely  more  than  4  mm  apart;  the  in¬ 
ferior  1-6  cm  long,  if  more  than  twice  as  long  as  the 
superior,  not  exceeding  the  2nd  inferior  pinnule,  5 

5.  Frond  glabrous,  twice  pinnate;  basal  inferior  pin¬ 
nule  usually  longer  than  2nd  inferior  one;  indusia 
glabrous;  scales  of  stipe  entirely  pale  brown  or 

cinnamon- color .  D.  spinulosa  ssp.  spinulosa 

5.  Frond  commonly  minutely  glandular,  especially 
on  the  rachis  and  rachillae,  tripinnatifid  or 
sometimes  tripinnate;  basal  inferior  pinnule  short¬ 
er  than  to  rarely  exceeding  the  2nd  inferior  one; 
indusia  glandular;  scales  of  stipe  usually  dark 
brown  at  base. . . . D.  spinulosa  ssp.  intermedia 
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2.  Frond  bipinnatifid  or  bipinnate  (sometimes  tripinna tif id 
near  base  only),  firm  to  coriaceous,  the  teeth  without 
bristle  tips;  basal  scales  of  stipe  mostly  more  than  1.5 
mm  long;  indusia  0.6-2  mm  in  diameter,  6 

6.  Sori  marginal;  fronds  firm-membranaceous  to  coriaceous, 

blue-  or  gray-  green . D.  marginalis 

6.  Sori  not  marginal;  fronds  firm-membranaceous  to  sub- 
coriaceous,  7 

7.  Fronds  strongly  dimorphic,  strongly  reduced  toward 
base,  the  fertile  much  taller  and  narrower  than  the 
sterile,  0.6-1. 8  dm  broad,  their  pinnae  often  turned 
nearly  at  right  angles  to  upper  face  of  rachis;  sori 

about  medial .  D.  cristata 

7.  Fronds  essentially  alike,  flat,  the  fertile  ones 
0.7-4  dm  wide,  8 

8.  Lowest  pinnae  of  fertile  frond  with  ( 15“ ) 20- 31 

pairs  of  definite  pinnules;  fronds  ovate  to  ovate-ob¬ 
long,  one-half  to  five- sixths  as  broad  as  long; 
basal  scales  of  stipe  firm,  castaneous  to  blackish, 

lustrous ;  plant  of  rich  temperate  woods .  D .  goldiana 

8.  Lowest  pinnae  of  fertile  fronds  with  10-22  pairs 
of  definite  pinnules  (excluding  terminal  teeth); 
fronds  lanceolate  to  lance-oblong,  slightly  re¬ 
duced  toward  base,  the  fertile  ones  one-fifth  to 
half  as  broad  as  long;  basal  scales  of  stipe  pale 
brown  to  cinnamon,  thin  and  scarious;  plant  of 
swamps  and  wet  woods .  D.  clintoniana 

Drvopteris  x  boottii  (Tuckerm.)  Underw.  Boott's  Wood  Fern. 

(D.  cristata  x  D.  spinulosa  ssp.  intermedia ) 

Meaning  of  Species  Name .  Named  for  its  discoverer,  William 
Boott,  1805-1887. 

Other  Names .  Boott's  Shield  Fern,  Boott's  Fern. 

Type  of  Plant .  A  perennial  herb. 

Habitat.  Low  woods  and  wet  thickets. 

Range .  NS  to  Minn,  s  to  Va  and  WVa. 

Distr  in  NYS .  Not  listed  in  House  (1924)  except  as  a  reported 
hybrid. 

Distr  in  the  Torrev  Range .  Not  listed  in  Taylor  (1915)* 

Time  of  Fr .  Jul-Sep. 

Origin .  Native. 

This  possibly  somewhat  fertile  hybrid,  intermediate  between  D. 
cristata  and  D.  spinulosa  ssp.  intermedia .  is  often  abundant  through  the 
coincident  ranges  of  its  parents.  The  frond  is  always  twice  pinnate  be¬ 
low,  with  the  lowest  pinnae  obviously  shorter  than  the  median  ones,  points 
that  help  to  distinguish  it  from  D.  cristata . 
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Dryopteris  x  boottii--Boott ’ s  Wood  Fern  Dryopteris  clintoniana — Clinton ’ s  Wood  Fern 

[From  Small  (1935)?  p.  100.]  [From  Small  (1935)?  p.  102.] 


Dryopteris  cristata — Crested  Wood  Fern 
[From  Billington  (1952),  Fig.  53,  p.  172.] 
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Drvopteris  clintoniana  (D.  C.  Eat.)  Dowell.  Clinton's  Wood  Fern 


Meaning  of  Species  Name .  Named  for  its  discoverer ,  George 
William  Clinton,  1807-1885. 

Synonyms .  D.  cristata  (L.)  Gray  var.  clintoniana  (D.  C.  Eat.) 
Underw.  in  Fernald  (1950). 

Other  Names .  Clinton's  Crested  Fern,  Clinton's  Shield  Fern, 
Clinton's  Crest  Fern;  Clinton's  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Swamps  and  rich  wet  woods. 

Range .  Me  and  Que  to  Minn  and  Wis,  s  to  NC,  Tenn,  and  Mo. 

Distr  in  NYS .  Locally  abundant  across  the  state  northw  outside 
the  higher  Adirondacks;  less  frequent  southw,  and  rare  on  LI  and  SI 

Distr  in  the  Torrey  Range .  Throughout  the  range  except  on  the 
coastal  plain  of  NJ,  there  recorded  from  a  single  station. 

Time  of  Fr.  Jun25"Aug  15  at  Cornell. 

Origin .  Native. 

Drvopteris  cristata  (L.)  Gray.  Crested  Wood  Fern. 

Meaning  of  Species  Name .  Crested. 

Other  Names .  Crested  Shield  Fern,  Crested  Fern,  Crest  Fern, 
Crested  Field  Fern,  Shield  Fern,  Swamp  Wood  Fern,  Swamp  Fern. 

Tyne  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Swampy  open  ground,  marshes,  thickets,  and  wet  woods. 

Range .  Nf  to  Sask,  s  to  NC,  Tenn,  Ark,  Id,  and  Mont;  also  in 

Eu. 

Distr  in  NYS-  Common  or  frequent  throughout  most  secs  of  the 
state  except  on  LI  and  SI,  where  it  is  somewhat  local  or  rare. 

Distr  in  the  Torrey  Range .  Throughout  the  range  except  in  the 
pine  barrens. 

Elevation.  Grows  to  2700  ft  in  Md. 

Time  of  Fr.  Jun-Aug;  Jun  25"Aug  15  at  Cornell. 

Origin .  Native. 

The  roots,  dug  during  the  summer,  then  sliced  and  dried,  have 
been  used  in  infusion  to  clear  phlegm  from  the  chest  and  to  induce  per 
spiring  to  break  fevers,  also  as  a  treatment  for  intestinal  worms. 

Drvopteris  fragrans  (L.)  Schott.  Fragrant  Wood  Fern. 

Meaning  of  Species  Name .  Fragrant. 

Other  Names .  Fragrant  Cliff  Fern,  Fragrant  Shield  Fern,  Fra- 
grant  Fern,  Sweet  Polypody. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Shaded  cliffs,  rocky  banks,  and  hillsides,  often  on 
limestone . 

Range .  Lab,  Nf,  and  Ont,  s  to  NE,  NY,  Mich,  Wis,  and  Minn; 
also  in  Eurasia. 

Distr  in  NYS .  Rare  and  with  approximately  the  same  distribu¬ 
tion  as  Woodsia  alpina . 

Distr  in  the  Torrey  Range .  Not  listed  in  Taylor  (1915) • 
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Dryopteris  fragrans' — Fragrant  Wood  Fern 
[From  Wherry  (1961),  p.  105.] 

Elevation ♦  Grows  to  HOOO  ft  in  Vt. 

Time  of  Fr.  Jun-Sep. 

Origin .  Native. 

This  rare  fern  has  glutinous  fronds  and  a  peculiar  fragrance, 
something  like  new-mown  hay  composed  largely  of  Sweetbriar  Rose  leaves 
The  greater  part  of  its  range  is  north  of  the  United  States.  In  Asia 
it  is  occasionally  used  as  a  tea,  being  valued  as  an  antiscorbutic. 

Drvopteris  goldiana  (Hook.)  Gray.  Goldie's  Wood  Fern. 

Meaning  of  Species  Name .  Named  for  its  discoverer,  John  Goldie 
1793-1886,  an  early  American  fern  student. 

Other  Names.  Goldie's  Fern,  Goldie's  Shield  Fern,  Gold  Fern. 
Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich,  often  calcareous,  woods. 

Range .  NB  to  Ont  and  Minn,  s  to  SC,  Tenn,  and  la. 
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Dryopteris  goldiana — Goldie’s  Wood  Fern 
[From  Billington  (1952),  Fig.  55s  P*  176.] 

Distr  in  NYS.  Rare  or  local.  Not  reported  from  LI  and  rare  on 
SI;  more  frequent  and  locally  abundant  northw  and  westw  in  the  state. 

Distr  in  the  Torrey  Range .  NY:  Rare  and  local  on  SI,  not  re¬ 
ported  from  LI,  increasing  northw. 

Elevation .  Grows  to  5000  ft  in  Va,  2500  ft  in  Vt;  sea  level — 
3900  ft  in  the  Torrey  range . 

Time  of  Fr.  Jun-Sep;  Jul-Aug  at  Cornell. 

Origin.  Native. 

Remarks .  Responds  well  to  cult  in  protected  shady  situations. 
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Dryopteris  marginalis--Marginal  Wood  Fern 
[From  Shaver  (1954),  Fig.  123,  P-  227.] 
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Dryopteris  marginalis  (L.)  Gray.  Marginal  Wood  Fern. 


Meaning  of  Species  Name .  Marginal,  from  the  placement  of  the 
indusia . 

Other  Names .  Evergreen  Wood  Fern,  Rock  Fern,  Marginal  Shield 
Fern,  Leathery  Wood  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Woods,  clearings,  and  rocky  slopes. 

Range .  NS  to  Ont  and  Wis,  s  to  Ga,  Ala,  Ark,  and  Okla. 

Distr  in  NYS .  Common  across  the  state  in  most  secs  but  rare  on 
LI  and  rare,  local,  or  absent  in  some  secs  of  the  Adirondacks. 

Distr  in  the  Torrey  Range .  Common  throughout  the  range  except 
in  the  pine  barrens  and  e  and  s  of  them,  there  not  recorded. 

Elevation .  Grows  to  5000  ft  in  Va ;  observed  at  3000  ft  in  Dela¬ 
ware  co. 

Time  of  Fr .  Jun-Oct;  Jun  20-Jul  at  Cornell. 

Origin .  Native. 

Remarks .  An  excellent  fern  for  cultivation  in  shady  situations. 

Under  the  name  of  American  Aspidium  or  Marginal  Fern,  this  spe¬ 
cies  was  official  in  the  U.S .  Pharmacopeia ,  1882- 1916,  and  in  the  Na¬ 
tional  Formulary.  1942-65-  The  extract,  called  Aspidium  oleoresin, 
extract  of  male  fern,  or  male  fern  oleoresin,  was  used  for  anthelmintic 
and  especially  taenifuge  purposes. 

Drvopteris  spinulosa  (0.  F.  Muell.)  Watt  ssp.  dilatata  (Hoffm. )  Piper. 
Mountain  Wood  Fern. 

Meaning  of  Species  Name .  With  minute  spines;  ssp.  name,  dilated. 

Synonyms .  D.  spinulosa  (0.  F.  Muell.)  Watt  var.  americana 
(Fisch)  Fern,  in  Fernald  (1950);  D.  austriaca  ( Jacq. )  Woynar  var. 
austriaca  in  Gleason  (1952). 

Other  Names .  Broad  Prickly- toothed  Wood  Fern,  Spreading  Shield 
Fern,  Broad  Shield  Fern,  Wood  Fern,  Broad  Wood  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Moist  woods,  thickets,  and  banks,  ascending  to  sub- 
alpine  areas. 

Range .  G1  and  Lab  to  Minn,  Mont,  Ore,  and  Ak,  s  to  Pa,  NC,  Tenn, 
Id,  and  Wash. 

Distr  in  NYS .  Not  common  outside  the  higher  elevations.  Locally 
frequent  in  the  higher  Catskill  mts  of  Greene,  Ulster,  and  Delaware 
co  and  on  many  of  the  mountainous  wooded  slopes  of  the  Adirondack  and 
L  George  regs;  scarce  in  c  NY;  reported  from  Monroe  co  and  apparently 
very  rare  in  the  s  tier  of  counties. 

Distr  in  the  Torrey  Range ♦  NY:  the  higher  Catskills  in  Greene 
and  Delaware  co. 

Elevation .  800-4020  ft  in  the  Torrey  range;  observed  on  the  sum¬ 

mit  of  Slide  Mt  in  Ulster  co  at  4100  ft. 

Time  of  Fr.  Summer. 

Origin.  Native. 

It  is  said  that  the  rootstock  of  this  plant  is  the  first  vege¬ 
table  food  the  Alaska  Indians  are  able  to  obtain  in  spring.  It  is  dug 
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Dryopteris  spinulosa  ssp.  dilatata- — Mountain  Wood  Fern 
[From  Shaver  (1954),  Fig.  146,  p.  275. ] 
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before  the  fronds  develop  and  baked  in  pits  lined  with  hot  stones.  It 
is  reported  to  have  a  slightly  sweetish  taste  but  to  be  too  smoky  and 
tobacco-like  in  flavor  for  any  but  an  Indian's  palate.  The  Indians  of 
California  prepared  a  hair  wash  from  the  steeped  fronds  of  this  fern. 
They  also  sometimes  treated  cuts  with  its  pulverized  rhizomes. 

Drvopteris  spinulosa  (0.  F.  Muell.)  Watt  ssp.  intermedia  (Muhl.)  Stone. 
Evergreen  Wood  Fern. 

Meaning  of  Species  Name .  With  minute  spines;  ssp.  name,  inter¬ 
mediate  . 

Synonyms .  D.  spinulosa  (0.  F.  Muell.)  Watt  var.  intermedia 
(Muhl.)  Underw.  in  Fernald  (1950);  D.  austriaca  (Jacq.)  Woynar  var. 
intermedia  (Muhl.)  Morton  in  Gleason  (1952). 

Other  Names.  Common  Wood  Fern,  Fancy  Fern,  Common  Shield  Fern, 
American  Shield  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Dry  to  wet  woods,  thickets,  and  banks. 

Range .  Nf  to  Ont  and  la,  s  to  Ga,  Ala,  Tenn,  WVa,  0,  Ind,  and 

Ill. 

Distr  in  NYS .  Common  throughout  most  secs  of  the  state. 

Distr  in  the  Torrev  Range .  Common  throughout  the  range  except 
in  the  pine  barrens. 

Elevation .  Has  been  observed  at  3000  ft  in  Delaware  co. 

Time  of  Fr.  Jun  15-Aug  at  Cornell. 

Origin.  Native. 

Remarks .  The  fronds  of  this  subspecies  are  minutely  glandular  on 
the  under  side. 

Drvopteris  spinulosa  (0.  F.  Muell.) Watt  ssp.  spinulosa .  Spinulose  Wood 
Fern . 


Meaning  of  Species  Name .  With  minute  spines. 

Synonyms .  D.  austriaca  (jacq.)  Woynar  var.  spinulosa  (Muell.) 
Fiori  in  Gleason  (1952);  D.  carthusiana  (Vill.)  H.  P.  Fuchs. 

Other  Names .  Narrow  Prickly- toothed  Fern,  Spinulose  Shield  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Low  woods,  thickets,  swamps,  and  banks. 

Range .  Que  to  Minn  and  BC,  s  to  Va,WVa,  Ky,  0,  la.  Mo,  and  Id; 
also  in  Eurasia. 

Distr  in  NYS .  Frequent  in  the  Adirondack  reg,  c  NY,  n  NY,  and 
the  w  part  of  the  state;  rare  or  local  in  se  NY. 

Distr  in  the  Torrev  Range .  Common  throughout  Ct,  NY,  and  Pa. 

Elevation.  Sea  level-4020  ft  in  the  Torrey  Range. 

Time  of  Fr.  Jun-Aug;  Jun  15"Aug  at  Cornell. 

Origin .  Native. 

The  medical  uses  of  this  plant  are  identical  with  those  of  the 
Male  Fern,  with  the  rhizomes  of  which,  as  imported  from  the  Continent 
to  Great  Britain,  it  has  always  been  much  mixed.  The  Spinulose  Wood 
Fern  was  used  in  a  root  tea  for  stomach  trouble  by  the  Flambeau  Ojib- 
was.  One  authority  stated  that  this  plant  "appears  to  possess  properties 
similar  to  the  official  drug"  obtained  from  the  Male  Fern. 
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Dryopteris  spinulosa  ssp.  intermedia--Evergreen  Wood  Fern 
[From  Shaver  (1954),  Fig.  l42,  p.  265.] 
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Dryopteris  spinulosa  ssp.  spinulosa  Gymnocarpium  dryopteris--Oak  Fern 

Spinulose  Wood  Fern  [From  Small  (1935) ,  P*  122.] 

[From  Small  (1935),  p.  108] 


p 

Gymnocarpium  Newm.  Oak  Fern. 

There  are  about  three  species  of  Gymnocarpium  in  the  northern 
hemisphere,  of  uncertain  systematic  relationship.  The  name  of  the 
genus  is  derived  from  the  Greek  gumnos ,  naked,  and  karpos .  fruit,  re¬ 
ferring  to  the  lack  of  indusia. 

Gymnocarpium  dryopteris  (L„)  Newm.  Oak  Fern. 

Meaning  of  Species  Name .  Oak  fern,  from  its  woodland  habitat. 

Synonyms .  Dryopteris  dis.iuncta  (Ledeb.)  C.  V.  Morton  in  Fernald 
(1950). 

Other  Names .  Pale  Mountain  Polypody,  Tender  Three-branched  Poly¬ 
pody. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Cool,  mossy,  or  rocky  woods  and  talus  slopes. 

Range .  G1  and  Lab  to  Ak,  s  to  Va,  WVa,  Mich,  Wis,  SD,  la,  NM, 
Ariz,  and  Ore;  also  in  Eurasia. 

Distr  in  NYS.  Common  northw  across  the  state,  less  frequent  or 
local  westw  and  southw;  in  1924  it  was  reported  but  not  definitely 
known  from  LI . 

Distr  in  the  Torrev  Range .  NY:  Reported  from,  but  doubtfully 
on,  LI,  otherwise  recorded  only  from  the  Catskills,  according  to 
Taylor,  writing  in  1915- 

Elevation .  Grows  to  3000  ft  in  Delaware  co;  sea  level-3900  ft 
in  the  Torrey  range . 

Time  of  Fr .  Jun-Sep;  Jun  15~Jul  at  Cornell. 

Origin .  Native. 

% 

Matteuccia  Todaro.  Ostrich  Fern. 

Gleason  (1952)  states  that  there  are  three  species  of  Matteuccia; 
the  other  two  are  Asiatic.  The  name  of  the  genus  commemorates  Carlo 
Matteucci,  1800-1868,  an  Italian  physicist.  Our  species  is  a  handsome, 
bold-foliaged  species  that  responds  well  to  cultivation.  A  closely  re¬ 
lated  species  is  much  favored  by  the  Japanese  for  flavoring  soups  and 
salads,  so  much  so,  in  fact,  that  the  Japanese  government  has  passed  a 
law  protecting  the  plant. 

Matteuccia  struthiopteris  (L.)  Todaro.  Ostrich  Fern. 

Meaning  of  Species  Name .  Ostrich  Fern. 

Synonyms .  Pteretis  pensylvanica  (Willd.)  Fern,  in  Fernald  (1950) . 

Other  Names .  American  Ostrich  Fern,  Ostrich-feather  Fern,  Two- 
ranked  Fern,  Shuttlecock  Fern,  Fiddlehead. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich  bottomland  thickets  and  moist  wooded  slopes. 

Range .  Nf  to  Ak,  s  to  Va,  WVa,  0,  Ind,  Ill,  Mo,  SD,  and  BC; 
also  in  Eu. 

Distr  in  NYS .  Common  throughout  most  secs  of  the  state  but  rare 
in  some  secs  of  the  Adirondacks  and  apparently  absent  above  2500  ft; 
also  absent  from  the  coastal  plain  of  LI  and  SI. 

Distr  in  the  Torrey  Range .  NY:  The  reg  of  the  Catskills,  in 
Delaware  and  Greene  co. 
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Matteuccia  struthiopteris--Ostrich  Fern 
[From  Small  (1935)?  p.  142.] 

Elevation .  Grows  to  2000  ft  in  Vt;  sea  level-2300  ft  in  the 
Torrey  range . 

Time  of  Fr .  Jul-Oct;  Sep-Oct  at  Cornell. 

Origin .  Native 

Remarks .  This  is  the  largest  native  fern  of  temperate  North 
America;  its  fronds  may  he  6-10  or  more  feet  long. 

Fernald  and  Kinsey  (1943)  were  most  enthusiastic  about  the  edible 
qualities  of  this  species:  "Few  other  substitutes  for  asparagus  ever 
graced  a  slice  of  toast  with  as  much  promise  of  furnishing  a  substan¬ 
tial  meal  as  lies  in  the  thick,  succulent,  young  unrolled  fronds  of  the 
Ostrich  Fern."  In  the  Catskills  it  is  quite  plentiful  along  both 
branches  of  the  Delaware  river,  where  it  is  sufficiently  abundant  to  be 
gathered  in  moderate  amounts  without  fear  of  extermination  if  one  takes 
care  not  to  remove  more  than  two  or  three  crosiers  from  any  one  clump  so 
as  to  avoid  injuring  the  plant.  In  New  York  State,  however,  it  must  be 
remembered  that  this  species,  together  with  most  of  the  other  ferns,  is 
protected  by  law  and  may  not  be  gathered  without  permission  from  the 


-120- 


property  owner.  The  fronds  should  be  broken  off  as  near  the  base  as 
possible  before  they  reach  a  height  of  6  or  8  inches  and  while  they  are 
still  curled.  Wash  the  young  fronds  thoroughly,  removing  the  dry  papery 
scales  (including  those  in  the  tightly  coiled  leafy  tip),  and  break  off 
the  tough  bases  of  the  stalks.  If  the  fronds  are  coated  with  a  mat  of 
fuzz,  you  have  no  doubt  collected  either  the  Cinnamon  Fern  or  the  Inter¬ 
rupted  Fern;  while  both  these  ferns  are  edible,  they  in  no  way  compare 
with  the  Ostrich  Fern.  "Fuzzyheads"  are  not  fiddleheads ! 

In  Northern  New  England  men  from  commercial  canneries  set  up 
"Fiddlehead  Camps"  in  early  spring,  paying  local  residents  100  a  pound 
to  collect  young  fronds  of  the  Ostrich  Fern.  In  that  area,  "fiddlehead¬ 
ing"  has  become  a  big,  if  seasonal,  business  during  the  last  60  years. 

The  manager  of  one  camp  alone  set  a  goal  of  20  tons  for  the  1974  season, 
his  area  being  a  35-mile  radius  of  mountain  country.  The  season  is 
rather  short,  for  "They  grow  like  asparagus,  six  inches  a  day!"  The 
fresh  fiddleheads  are  delivered  to  processing  plants  where  they  are 
canned  for  shipment  to  specialty  food  shops.  One  of  the  largest  of 
these  canneries  is  W.  S.  Wells  &  Co.  of  Maine,  specializing  in  dande¬ 
lions  and  Vermont  fiddleheads  under  the  label  Belle  Maine .  Experience 
in  Vermont  seems  to  indicate  that  picking  does  not  injure  the  plant; 
as  in  the  case  of  Asparagus,  picking  seems  to  stimulate  growth  of  more 
stalks  from  the  rootstock.  "By  letting  some  patches  rest  a  couple  of 
days,  we'd  be  able  to  pick  them  two,  or  even  three  times,"  reports 
Lebentritt  (1974).  Fiddleheads  are  rich  in  vitamin  C,  keep  well  when 
refrigerated,  and  can  be  prepared  in  various  ways--sauteed,  steamed,  en 
casserole,  in  cream  soups,  pickled,  and  au  gratin,  to  suggest  a  few. 

They  even  make  good  sandwiches-- "leftover  cold  fiddleheads  on  home-ground 
wheat  bread  with  mayonnaise."  Canned  fiddleheads,  however,  are  badly 
overcooked  so,  at  least  in  Maine,  except  during  the  short  time  that  fresh 
ones  are  available,  they  are  mostly  now  sold  from  frozen  food  counters. 

Young  crosiers  can  be  eaten  just  as  they  are  picked,  but  most 
people  prefer  to  boil  them  in  salted  water  for  8  to  12  minutes  to  serve 
either  hot  or  cold  with  hollandaise  sauce,  salad  dressing,  or  sour  cream. 
Berglund  and  Bolsby  (1971)  offer  some  quite  sophisticated  recipes  for  pre 
paring  Ostrich  Fern,  including  fiddleheads  with  cheese  and  black  butter, 
cream  of  fiddlehead  soup  with  mushrooms,  braised  fiddleheads,  steamed 
fiddleheads  in  wine,  baked  eggs  with  fiddleheads  and  meat,  roast  goose 
with  fiddlehead  stuffing,  and  pureed  fiddleheads  with  smoked  pork.  In  ad 
dition,  Fernald  and  Kinsey  (1943)  suggest  treating  them  like  string  beans 
and  serving  them  with  a  cream  sauce.  "Cut  into  small  pieces,"  they  con¬ 
tinue,  "mixed  with  buttered  (or  oiled)  bread-  and  cracker- crumbs ,  with 
milk,  beaten  egg  and  seasonings,  and  then  baked  until  browned  they  make  a 
superior  escalloped  dish."  These  authors  also  issue  a  warning  which  will 
bear  repetition,  not  only  in  connection  with  ferns  but  for  other  plants 
as  well: 

"CAUTION.  No  one  who  is  not  perfectly  sure  that  he  knows  a  true 
fern  from  other  delicately  cut  leaves  should  venture  to  eat  the  . . .  ferns 
Many  plants,  such  as  the  notorious  Poison  Hemlock  and  the  related  Beaver- 
poison,  both  deadly  poisonous,  have  delicately  cut  leaves  which  by  the 
untrained  are  often  called  'ferns.'" 
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V 


Onoclea  sensibilis — Sensitive  Fern 
[From  Billington  (1952),  Fig.  45,  p.  154.] 


* 

Onoclea  L.  Sensitive  Fern. 

There  is  only  one  species,  a  hardy  deciduous  fern  native  in  east¬ 
ern  North  America  and  eastern  Asia.  Scattered  sterile  and  fertile  fronds 
are  borne  along  a  creeping  and  forking  rhizome .  The  sterile  fronds  are 
long- stalked,  with  deltoid-ovate,  deeply  pinnatifid  blades  with  anastomos¬ 
ing  veins.  It  is  coarse  in  appearance  and  has  but  limited  use  in  gardens, 
but  it  is  suitable  for  growing  on  the  margins  of  ponds  or  streams,  at  the 
edge  of  a  shrubbery,  or  in  a  moist  border.  The  name  of  the  genus  was  used 
by  Dioscorides  for  some  plant,  certainly  not  this  one,  but  one  authority 
states  that  it  is  derived  from  a  Greek  word  meaning  "closed  vessels,"  re¬ 
ferring  to  the  constricted  sporophylls  on  the  fertile  fronds. 
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Onoclea  sensibilis  L.  Sensitive  Fern. 


Meaning  of  Species  Name .  Sensitive,  in  the  popular  mind  to  early 
frost . 

Other  Names .  Meadow  Brake,  Polypod  Brake,  Bead  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores  and  creep¬ 
ing  rootstocks. 

Habitat .  Swamps,  open  woodlands,  and  meadows. 

Range .  Nf  to  Ont,  Minn,  Man,  and  SD,  s  to  Fla  and  Tex;  also  in 
e  Asia. 

Distr  in  NYS .  Common. 

Distr  in  the  Torrev  Range .  Common  throughout  the  range  except 
in  the  pine  barrens . 

Elevation .  Grows  to  3000  ft  in  Va . 

Time  of  Fr.  Sep-Oct  at  Cornell. 

Origin .  Native. 

This  species  fruits  best  when  growing  in  the  open.  The  fertile 
fronds  are  often  used  in  winter  bouquets.  In  areas  where  it  has  become 
an  undesirable  weed,  it  can  be  controlled  by  the  same  methods  as  those 
outlined  for  Osmunda  cinnamomea . 

Weiner  (1972)  states  that  "The  Iroquois  Indians  utilized  the  rhi¬ 
zomes  of  sensitive  fern  in  times  of  scarcity."  (in  an  emergency,  prac¬ 
tically  any  succulent,  young  unopened  frond,  or  fiddlehead,  could  also 
be  eaten.)  However,  he  continues,  "Also  known  as  fiddleheads,  these 
ferns  have  been  sold  in  vegetable  markets  in  the  East  as  delicacies." 
While  the  American  Indians  undoubtedly  made  use  of  any  available  fiddle- 
heads  for  food,  including  the  abundant  Sensitive  Fern,  it  is  primarily 
the  Ostrich  Fern  that  not  only  was,  but  still  is,  sold  in  eastern  markets. 

Kingsbury  (1964)  reports  that  limited  experiments  and  field  ob¬ 
servations  performed  at  the  New  Hampshire  Agricultural  Experiment  Sta¬ 
tion  indicate  that  this  species  is  poisonous  to  horses  when  large  amounts 
of  it  are  present  in  hay.  In  one  experiment,  one  horse  developed  symp¬ 
toms  of  incoordination  after  6  weeks  on  a  diet  composed  entirely  of  hay 
containing  about  17  percent  of  this  fern.  Symptoms  reported  in  field 
cases  were  variable  but  basically  nervous  in  character,  and  considerable 
variation  in  susceptibility  and  in  amount  of  fern  provoking  symptoms 
among  horses  on  the  same  diet  were  observed. 

% 

Polyp odium  L .  Polypody . 

This  is  a  very  large  genus  of  some  600  species  widely  distributed 
throughout  the  world  but  particularly  numerous  in  the  tropics.  The  name 
of  the  genus  is  derived  from  the  Greek  polus .  many,  and  podion,  a  little 
foot,  in  allusion  to  the  many  separate  frond  bases  of  the  European  Poly¬ 
podium  vulgare .  The  various  species  differ  greatly  in  size,  general  ap¬ 
pearance,  and  in  the  character  of  the  frond.  Several  species  are  suitable 
for  growing  in  hanging  baskets,  especially  P.  subauricula turn.  P.  vulgare 
ssp.  virginianum.  a  hardy  native  species,  requires  a  shaded  or  semishaded 
position  and  is  suitable  for  planting  in  the  rock  garden  and  wild  garden, 
in  shaded  borders,  or  in  sheltered  nooks  in  the  shrubbery.  An  early 
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writer  on  the  western  Indians  reported  that  the  rhizomes  of  the  California 
Polypody  were  eaten  as  a  food  staple  by  the  "Sierra  Indians." 

Polypodium  vulgare  L.  ssp.  virginianum  (L.)  Hult.  Rock  Polypody. 

Meaning  of  Species  Name .  Common;  ssp.  name,  of  Virginia. 

Synonyms .  P.  virginianum  L.  in  Fernald  (1950)  and  in  Gleason 
(1952). 

Other  Names .  Common  Polypody,  Golden  Polypody,  Male  Polypody, 
Golden-locks,  Golden  Maidenhair,  Golden  Maiden's  Hair,  Adder's  Fern, 
Adder ' s-foot,  Moss-fern,  Woodfern,  Male  Fern,  Sweet-fern,  Rock-fern, 
Rock-brake,  Stone-brake,  Stone  Fern,  Wall  Fern,  Polypody  of  the  Oak, 

Oak  Fern,  Cliff-fringe. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores  and  creep¬ 
ing  rhizomes. 

Habitat .  Rocks,  crests  of  ledges,  bases  of  trees,  and  rocky 
slopes . 

Range .  Nf  to  Ont  and  Ak,  s  to  Ga,  Ala,  Tenn,  and  Ark;  also  in 
Eurasia . 

Distr  in  NYS.  Common  in  most  secs  of  the  state. 

Distr  in  the  Torrey  Range .  Common  throughout  the  range  except 
in  the  pine  barrens  and  e  and  s  of  them,  there  not  recorded. 

Elevation.  Grows  to  56OO  ft  in  Va;  observed  at  3000  ft  in  Dela¬ 
ware  co. 

Time  of  Fr .  Midsummer;  Jul  15“Aug  at  Cornell. 

Origin .  Native. 

Both  the  rhizome  and  fronds  of  the  closely  related  European  ssp. 
vulgare  have  long  been  used  medicinally,  as  it  was  employed  by  the 
ancients  as  a  purgative;  it  is  the  "Oak  Fern"  of  the  older  herbalists. 

It  acts  as  an  alterative,  tonic,  pectoral,  and  expectorant,  but  its 
principal  use  has  been  as  a  mild  laxative.  It  served  likewise  as  a  tonic 
in  dyspepsia  and  loss  of  appetite  and  was  considered  both  safe  and  re¬ 
liable  as  an  alterative  in  skin  diseases.  Grieve  (1967)  remarks  that  it 
was  also  used  in  hepatic  complaints  and  was  considered  useful  in  coughs 
and  catarrhal  affection,  particularly  in  dry  coughs.  An  infusion  pre¬ 
pared  from  1/2  ounce  of  the  crushed  root  in  a  pint  of  boiling  water, 
sweetened,  was  taken  in  teacupful  doses  frequently,  thought  valuable  in 
the  early  stages  of  consumption.  The  powder  is  stated  to  have  been  used 
with  success  for  some  kinds  of  worms.  It  sometimes  produces  a  rash,  but 
this  disappears  in  a  short  time  and  causes  no  further  inconvenience.  A 
mucilaginous  decoction  of  the  fronds  was  formerly  used  in  country  places 
as  a  cure  for  whooping  cough  in  children.  For  this  purpose,  the  matured, 
fruiting  fronds,  gathered  in  the  autumn,  were  dried;  when  required  for 
use,  they  were  slowly  boiled  with  coarse  sugar.  It  is  still  used  as  a 
demulcent  in  some  areas  of  Europe. 

The  fresh  root  used  to  be  employed  in  decoction,  or  powdered,  for 
melancholia  and  also  for  rheumatic  swelling  of  the  joints.  It  was  like¬ 
wise  considered  efficacious  in  jaundice,  dropsy,  and  scurvy,  and,  com¬ 
bined  with  mallow,  was  prescribed  for  hardness  of  the  spleen,  stitches  in 
the  side,  and  colic.  The  distilled  water  of  the  roots  and  leaves  was  con¬ 
sidered  by  the  old  herbalists  good  for  ague,  and  the  fresh  or  dried  roots, 
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Poly-podium  vulgare  ssp.  virgin ianum-- Rock  Polypody 
[From  Shaver  (1954),  Fig.  l6,  p.  37-] 
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mixed  with  honey  and  applied  to  the  nose,  were  used  in  the  cure  of 
"polypus."  In  the  l800’s  American  physicians  used  it  in  similar  com¬ 
plaints  and  as  a  pectoral  in  chronic  catarrh  and  asthma.  At  present, 
however,  it  is  scarcely  ever  employed,  being  considered  nearly  inert, 
but  an  infusion  of  "Herba  Polypodii"  is  prepared  in  India  as  a  mild 
laxative  and  expectorant.  An  aqueous  extract  of  "Rhizome  Polypodii"  is 
there  recommended  in  the  obstruction  of  viscera,  for  liver  and  gland 
diseases,  and  in  the  treatment  of  coughs  and  chills.  In  northern-  India 
this  or  a  related  species  is  also  used  as  an  alterative. 

Polys tichum  Roth.  Holly  Fern,  Christmas  Fern. 

This  is  a  large  genus  of  tender  and  hardy  evergreen  ferns  found 
wild  in  many  parts  of  the  world,  especially  in  Asia,  North  America, 

South  Africa,  Japan,  and  Europe,  but  most  abundant  in  tropical  moun¬ 
tains.  The  name  of  the  genus  is  derived  from  the  Greek  poly,  many,  and 
stichos ,  rows,  in  allusion  to  the  regular  rows  of  sori.  The  native 
hardy  species  are  of  easy  culture,  thriving  in  somewhat  acid  woodland 
soil  that  is  shaded  from  strong  sun.  They  are  shown  to  best  advantage 
in  woodland  gardens  and  in  rock  gardens,  as  they  are  most  attractive 
when  associated  with  rocks.  A  number  of  species  are  also  grown  in  the 
greenhouse,  including  the  East  Indian  Holly  Fern,  P.  aristatum,  and  its 
variety  variegatum. 

In  Washington  the  Indians  peeled  the  fleshy  rhizomes  of  the  Sword 
Fern  (p.  munitum)  and  baked  them  like  potatoes  with  salmon  eggs  in  pit 
ovens.  Berries  were  sometimes  placed  on  the  fronds  to  dry. 

Key  to  Local  Species  of  Polvstichum 

1.  Pinnae  unlobed,  with  a  superior  basal  auricle;  sterile  and  fer¬ 
tile  fronds  dissimilar,  with  10-35  pairs  of  simple  pinnae;  low¬ 
er  fertile  pinnae  often  much  shorter  than  the  upper  sterile  ones 

of  the  same  frond,  distant .  P.  acrostichoides 

1.  Pinnae  pinnately  parted  with  9  or  more  pairs  of  pinnules, 
the  lower  subopposite;  sterile  and  fertile  fronds  similar, 
with  20-60  pairs  of  approximate  or  overlapping  pinnae;  low¬ 
er  fertile  pinnae  scarcely  smaller  than  the  upper  sterile 

ones  of  the  same  frond . . . . . .  P.  braunii 

I 

Polvstichum  acrostichoides  (Michx.)  Schott.  Christmas  Fern. 

Meaning  of  Species  Name.  Resembling  Acrostichum. 

Other  Names .  Dagger  Fern,  Canker  Brake,  Christmas  Shield  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Woods,  open  thickets,  pastures,  and  rocky  slopes. 

Range .  NS  to  la,  Wis,  and  Kan,  s  to  Fla,  Tex,  and  Mex. 

Distr  in  NTS.  Common  in  most  secs  of  the  state;  rare,  local,  or 
wanting  in  some  parts  of  the  Adirondacks  and  on  LI. 

Distr  in  the  Torrev  Range .  Throughout  the  range  except  in  the 
pine  barrens. 

Elevation .  Grows  to  2700  ft  in  Md;  occurs  at  3000  ft  in  Delaware 
co. 
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Polystichuin  acrostichoides-"Christmas  Fern 
[From  Shaver  (195*0  >  Fig.  156,  p.  295*] 
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Polystichum  braunii  ssp.  purshii--Braun ' s  Holly  Fern 
[From  Billington  (1952)?  Fig.  59?  P*  184.] 

Time  of  Fr .  Jun-Oct;  Jun  10-Jul  at  Cornell. 

Origin .  Native. 

This  species  has  been  extensively  used  in  floral  decorations  in 
some  areas;  it  is  doubtless  from  this  use  of  its  fronds  during  the  win¬ 
ter  holidays  that  the  plant  derives  its  name  of  Christmas  Fern. 
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9  /  9  9 

Polvstichum  braunii  (Spenner)  Fee  ssp.  purshii  (Fern.)  Calder  &  Taylor. 
Braun's  Holly  Fern. 

Meaning  of  Species  Name.  Named  to  honor  Alexander  Braun,  l805“ 
1877;  ssp.  name,  for  its  discoverer,  Frederick  Traugott  Pursh,  1774- 
1820. 

Other  Names.  Pursh's  Holly  Fern,  Prickly  Shield  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Rich  woods,  glades,  shaded  rockslides,  and  ravines. 

Range .  Nf  and  Que  to  Ont,  s  to  NE,  Mass,  NY,  Pa,  and  n  Mich. 

Distr  in  NYS .  Infrequent  or  local  in  the  Catskill  mts  and  the 
Adirondack  reg;  reported  from  Herkimer  co. 

Distr  in  the  Torrev  Range .  NY:  The  Catskills  in  Ulster,  Dela¬ 
ware,  and  Greene  co. 

Elevation.  Grows  to  5000  ft  in  Vt;  1450-4020  ft  in  the  Torrey 
range . 

Time  of  Hr.  J un-Sep. 

Origin .  Native. 

Remarks.  This  species  is  a  satisfactory  fern  for  the  wild  garden, 
but  it  needs  well-drained  slopes  with  protection  from  wind  and  sun. 

9 

Pteridium  Gled.  Bracken. 

This  genus,  which  comprises  two  species,  is  of  almost  world-wide 
distribution.  The  name  is  a  diminutive  of  Pteris,  another  kind  of  fern, 
a  genus  with  which  it  has  often  been  merged.  Ours  is  a  highly  variable 
species  with  an  extensively  creeping  and  forking  perennial  subterranean 
hairy  black  rhizome,  stiff  upright  stipes  alternate  upon  the  rhizome,  and 
coarse  and  firm,  often  tripinnate  fronds,  with  revolute-margined  segments. 
It  may  reach  a  height  of  15  feet  or  more,  and,  although  dying  in  autumn, 
often  remains  standing  through  the  winter,  affording  in  some  regions 
cover  for  game.  It  is  sometimes  a  troublesome  weed,  especially  in  Great 
Britain  and  western  North  America.  Bracken  is  not  ordinarily  cultivated 
in  gardens,  as  it  is  too  rampant  in  growth.  The  rhizomes  spread  rapidly 
underground  and,  once  well  established,  are  difficult  to  eradicate;  the 
smallest  portion  left  in  the  ground  is  capable  of  forming  a  new  plant. 

*  \  .  v  * 

Pteridium  aauilinum  (L.)  Kuhn  ssp.  latiusculum  (Desv.)  Hult.  Bracken. 

Meaning  of  Species  Name.  Of  an  eagle,  from  the  wing- shaped 
fronds;  ssp.  name,  rather  broad. 

Other  Names .  Brake,  Brake  Fern,  Pasture  Brake,  Hog  Brake,  Earn- 
fern,  Eastern  Bracken,  Western  Bracken,  Western  Brake-fern,  Eagle 
Fern,  Lady  Bracken,  Adder- spit,  Turkey- foot  Fern,  Umbrella  Fern,  Up¬ 
land  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores  and 
creeping  rootstocks. 

Habitat.  Sterile  soil  of  dry  open  woods,  clearings,  burns,  and 
abandoned  farms. 

Range .  Nf  to  Ont  and  SD,  s  to  NC,  Tenn,  and  Okla ;  isolated  in 
Miss,  Wyo,  Col,  and  Mex;  also  in  Eurasia. 

Distr  in  NYS .  Very  common  in  most  secs  of  the  state  but  rather 
scarce  in  some  of  the  limestone  regs . 
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Distr  in  the  Torrev  Range .  Throughout  the  range,  but  apparently 
less  common  in  Ct  than  elsewhere  in  our  range. 

Elevation .  Grows  to  5000  ft  in  Va ;  occurs  at  3000  ft  in  Dela¬ 
ware  co. 

Time  of  Fr.  Summer;  Aug  25"Sep  at  Cornell. 

Origin .  Native. 

Remarks.  Because  of  its  subterranean  rhizome,  it  is  fire-resis¬ 
tant  and  re-establishes  itself  quickly  after  a  burn. 

Bracken  is  one  of  our  commonest  ferns,  yet  surprisingly  few  peo¬ 
ple  are  aware  of  its  widespread  use  as  a  green  vegetable,  particularly 
in  Japan  and  Korea,  but  its  use  for  food  has  by  no  means  been  restricted 
to  that  area.  Dagilty  (1907)  reports  on  one  investigation  of  Bracken  as 
a  food  item:  "Excepting  possibly  Australia,  it  is  in  Western  Oregon, 
Washington  and  British  Columbia  that  it  reaches  its  highest  development. 
In  this  American  area  it  is  not  only  the  most  common  fern,  but  the  larg¬ 
est  as  well.  In  tenderness  and  thickness  [the  young]  . . .  leafy- shoots 
are  very  like  asparagus.  [But]  ...  neither  horse  nor  cow  will  eat  them 
[as]  ...  the  ...  leaf-stalk  [is]  ...  densely  covered  with  hairs,  which 
are  bitter  to  the  taste. 

"It  was  conceived  that  these  succulent  shoots  might  be  valuable 
as  food,  so  in  the  spring  of  1906  material  was  gathered  for  experimen¬ 
tal  purposes.  The  upper  portion  of  the  shoot  was  used....  The  extreme 
tips  are  so  rolled  up  and  covered  with  hairs  that  it  takes  too  long  to 
clean  them,  hence  they  were  cut  off....  In  stalks  three  feet  long  as 
much  as  one  foot  is  tender.  The  hairs  or  scales  ...  may  ...  easily  be 
removed  by  an  ordinary  vegetable  brush. 

"To  test  their  palatableness,  the  dishes  were  prepared  in  quan¬ 
tity  and  offered  to  classes  of  fifteen  to  twenty  for  judgment.  Perhaps 
three-fourths  of  these  pronounced  them  good.  The  taste  is  not  exactly 
like  that  of  anything  else  . . .  [but]  to  many  it  suggests  the  almond. 

"in  food  values,  it  compares  well  with  other  vegetables  of  the 
kind,  its  nutritive  value  being  near  that  of  cabbage.  In  comparison 
with  asparagus,  which  it  most  resembles,  it  proves  to  be  superior,  con¬ 
taining  .87  as  much  protein,  1.7  as  much  fat,  and  1.6  as  much  carbohy¬ 
drates  . 


"The  brake  was  used  by  the  Indians  of  the  Northwest  coast  before 
the  introduction  of  wheat  flour,  but  the  part  used  was  the  subterranean 
stem.  This  was  dug  up,  washed,  dried,  pounded  fine,  and  the  coarse 
shreddy  parts  removed  by  sifting.  The  starchy  powder  was  used  as  flour. 
Its  use  has  been  discontinued  since  the  introduction  of  wheat  flour." 

Those  who  may  wish  to  experiment  with  Bracken  as  a  substitute  for 
Asparagus  should  select  the  stouter  stalks  when  very  young  and  not  more 
than  6  to  8  inches  high.  Break  them  off  at  the  base  and  draw  them 
through  the  fingers  to  remove  the  hairs.  After  washing  them,  boil  in 
salted  water  until  tender  (usually  15  minutes  to  half  an  hour);  add ‘some 
butter,  season  to  taste,  and  they  are  ready  to  serve,  hot  or  cold.  Hoi- 
landaise  sauce,  mayonnaise,  or  sour  cream  gives  an  added  flavor,  or  they 
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Pteridium  aquilinum  ssp.  latiusculum--Bracken 
[From  USDA  Agr.  Research  Sv.  (1971),  Fig.  3,  p.  9-J 


-131“ 


can  be  creamed  and  served  like  string  beans.  Added  to  a  sauce  made  from 
condensed  cream  of  mushroom  soup,  they  make  a  good  dish  to  serve  on  toast. 

The  raw  stalks  have  a  mucilaginous  juice,  so  some  people  enjoy 
eating  the  uncooked  stalks  as  a  relish.  It  is  reported  that  some  tribes 
of  Indians  often  ate  the  young  raw  sprouts  when  stalking  deer  in  spring 
"so  that  his  breath  does  not  betray  his  presence,"  thus  enabling  the 
hunter  to  get  within  bow  range.  The  juice  is  somewhat  altered  in  cook¬ 
ing,  but  the  boiled  vegetable  retains  some  of  its  mucilaginous  quality, 
which  is  not  attractive  to  some  palates,  but  many  people  find  that  when 
properly  prepared  Bracken  makes  an  interesting  and  novel  dish. 

There  are  reports,  denied  by  some  (See  Fiddlehead  Forum — Bulle¬ 
tin  of  the  American  Fern  Society,  Vol  2,  No.  4,  July  1975)?  that  the 
unfolding  fronds  of  this  species  are  both  carcinogenic  and  mutagenic 
even  after  cooking.  Such  reports  usually  result  from  massive  feeding 
of  experimental  animals  under  laboratory  conditions.  In  this  connec¬ 
tion,  a  remark  by  Arehart-Treichel  (1976),  an  employee  of  the  Food  and 
Drug  Administration,  will  bear  consideration:  "Dosing  animals  with 
enormous  amounts  of  chemicals  is  nearly  always  going  to  produce  toxic 
effects.  But  how  often  are  people  exposed  to  such  large  doses?"  One 
must  naturally  take  reasonable  precautions  against  toxic  chemicals,  but 
this  writer  doubts  that  serving  Bracken  two  or  three  times  a  year  is 
likely  to  have  serious  consequences.  On  the  other  hand,  very  young  and 
very  old  persons  do  not  have  the  same  liver-enzyme  defenses  against  tox¬ 
ic  chemicals  that  the  general  population  does,  and  some  persons  are  born 
with  genetically  defective  liver  enzymes,  so  perhaps  some  caution  is 
advisable . 

Close  relatives  of  our  Bracken  growing  in  New  Zealand,  Australia, 
Europe,  and  in  the  western  part  of  the  United  States  have  a  starchy 
layer  in  the  rootstock,  which  is  made  available  by  crushing,  but  the 
rootstocks  of  eastern  plants  have  too  little  starch  to  be  of  value.  In 
Europe,  however,  plants  produce  a  starch  much  used  in  times  of  scarcity, 
for  one  authority  reported  that  "the  people  of  Normandy  have  sometimes 
been  compelled  to  subsist  on  bread  made  from  brake  roots."  When  Euro¬ 
peans  first  visited  the  Canary  Islands  in  l405,  Bracken  was  the  only 
edible  root  on  the  islands,  one  authority  stating,  "as  for  grain  they 
had  none;  their  bread  was  made  of  fern  roots."  Later,  the  rhizomes  were 
ground  to  powder  and  mixed  with  barley  meal,  which  could  either  be  boiled 
or  made  into  bread.  Bracken  was  an  important  food  item  among  the  Maoris 
of  New  Zealand,  and  the  young  shoots  are  still  much  prized  by  the  Japa¬ 
nese.  In  Japan,  before  cooking,  the  tender  shoots  are  first  washed  care¬ 
fully  in  fresh  water,  plunged  into  boiling  water  for  2  minutes  or  so,  and 
then  immersed  again  in  cold  water  for  a  couple  of  hc>urs.  After  this  prep¬ 
aration  they  can  be  used  in  soup,  prepared  as  a  puree,  like  Spinach,  or 
like  Asparagus  heads,  being  served  as  a  side  dish.  They  seem  somewhat 
insipid  to  some  Western  tastes,  but  they  are  considered  such  a  delicacy 
in  Japan  that  the  government  was  forced  to  pass  drastic  laws  to  prevent 
the  extermination  of  this  plant. 

The  Indians  of  Vancouver  Island  and  the  neighboring  country  re¬ 
garded  Bracken  as  a  great  luxury,  gathering  the  roots  to  boil  and  eat  as 
food.  Weiner  (1971),  speaking  primarily  of  the  western  Indians,  stated 
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that,  "Bracken  was  by  far  the  most  valuable  of  the  edible  ferns  so  far 
as  Indian  use  is  concerned.  In  some  cases  it  was  a  major  constituent 
of  a  tribe's  sustenance."  Early  settlers  in  California  may  have  learned 
the  use  of  this  plant  from  the  Indians,  for  one  writer  states  that  "the 
young,  tender  shoots  are  boiled  by  the  California  miners  and  eaten  like 
Asparagus,  being  found  mucilaginous  and  palatable."  This  species  was 
also  used  as  a  potherb  in  New  England,  however,  so  the  idea  of  using  it 
as  a  vegetable  may  not  have  been  a  novel  one.  In  Siberia  and  Norway, 
the  uncoiled  fronds  have  been  employed  with  about  two-thirds  of  their 
weight  of  malt  for  brewing  a  kind  of  beer.  In  any  case,  Bracken  can  be 
considered  a  useful  survival  food,  but  only  the  young  plants  should  be 
eaten;  the  older  stalks  are  not  palatable,  a  fortunate  circumstance,  per¬ 
haps,  for  the  full-grown  fronds  are  toxic  and  have  been  responsible  for 
poisoning  grazing  stock. 

The  astringent  properties  of  the  rhizome  have  been  used  in  a  de¬ 
coction  recommended  for  the  dressing  and  preparation  of  kid  and  chamois 
leather.  Before  the  introduction  of  soda  from  sea  salt  and  other  sour¬ 
ces,  the  large  amount  of  alkali  obtained  from  the  ashes  of  Bracken  was 
found  serviceable  for  glass-making,  both  in  the  northern  parts  of  Great 
Britain  and  in  other  countries,  and  was  used  freely  for  that  purpose. 

The  ash  also  contains  enough  potash  to  be  used  as  a  substitute  for  soap. 
The  ashes  are  mixed  with  water  and  formed  into  balls;  these  made  hot  In 
the  fire  have  been  used  in  Europe  to  make  lye  for  the  scouring  of  linen. 
In  other  areas,  tallow  boiled  with  Bracken  ash  has  been  used  to  make 
soap . 


The  potash  yield  of  Bracken  ash  is  so  considerable  that  in  view 
of  the  present  scarcity  of  fertilizers,  this  source  of  supply  may  well 
be  worth  attention.  Potash  is  a  particularly  valuable  fertilizer  for 
potato  and  sugar-beet  land,  especially  for  light  loams,  gravels,  and 
sandy  soils.  The  best  time  for  cutting  Bracken  for  burning  is  from  June 
to  the  end  of  October,  but  the  ash  from  green  Bracken  is  much  more  valu¬ 
able  than  that  from  old  withered  plants.  In  the  month  of  June,  the 
fronds  and  stipes  hold  as  much  as  20  percent  of  potash,  but  in  August 
that  amount  is  reduced  to  5  percent.  Potash  from  Bracken  is  soluble  in 
water  and  should  not  be  exposed  to  rain;  as  soon  as  the  ashes  are  cool, 
they  should  be  kept  dry  until  required  for  use. 

Formerly,  in  both  the  green  and  the  dried  state,  Bracken  was  used 
as  fodder  for  cattle.  When  dry,  it  makes  excellent  litter  for  both 
horses  and  cattle;  it  also  makes  a  very  durable  thatch.  The  young  tops 
of  the  fern  are  boiled  in  Hampshire  for  pigs'  food.  The  fronds  are  much 
used  as  packing  material  for  fruit,  keeping  it  fresh  and  cool.  The  dried 
fronds  can  likewise  be  used  in  the  garden  for  protecting  tender  plants. 

In  the  17th  century  it  was  customary  to  set  growing  Bracken  on  fire,  be¬ 
lieving  that  this  would  produce  rain.  A  like  custom  of  "firing  the  Brack¬ 
en"  still  prevails  today  on  the  Devonshire  moors. 

In  the  "fiddlehead"  stage,  the  young  fronds  have  been  used  as  the 
source  of  a  yellowish-green  dye  for  wool,  with  an  alum  or  chrome  mordant. 
To  dye  1  pound  of  wool,  about  1  pound  of  the  young  shoots  were  steeped  in 
hot  water  for  2  hours,  after  which  the  liquid  was  strained  when  cool 
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enough  to  handle.  The  mordanted,  -wetted  wool  was  then  immersed  in  the 
warm  dye  bath  and  simmered  for  1  hour,  after  which  it  was  rinsed  and 
dried.  Using  alum  and  copperas  results  in  an  olive  color;  in  Scotland 
the  rhizome  was  used  to  obtain  a  yellow  dye,  and  a  gray  dye  for  silk  was 
prepared, .  using  an  iron  mordant. 

The  ancients  used  both  the  fronds  and  stems  of  the  Bracken  in  diet 
drinks  and  medicine  for  many  disorders.  Culpepper  gives  several  uses  for 
it:  "The  roots  being  bruised  and  boiled  in  mead  and  honeyed  water,  and 

drunk  kills  both  the  broad  and  long  worms  in  the  body,  and  abates  the 
swelling  and  hardness  of  the  spleen.  The  leaves,  eaten,  purge  the  belly 
and  expel  choleric  and  waterish  humours  that  trouble  the  stomach.  The 
roots  bruised  and  boiled  in  oil  or  hog’s  grease  make  a  very  profitable 
ointment  to  heal  the  wounds  or  pricks  gotten  in  the  flesh.  The  powder 
of  them  used  in  foul  ulcers  causes  their  speedier  healing." 

Culpepper  also  remarked  that  "Fern,  being  burned,  the  smoke  there¬ 
of  drives  away  serpents,  gnats,  and  other  noisome  creatures,  which  in 
fenny  countries  do,  in  the  night-time,  trouble  and  molest  people  lying 
in  their  beds  with  their  faces  uncovered."  Gerard  says  that  "the  root  of 
Ferae  cast  into  an  hogshead  of  wine  keepeth  it  from  souring."  "For 
thight  aches"  (sciatica),  advised  another  old  writer,  "smoke  the  legs 
thoroughly  with  Fern  Bracken."  This  is  also  one  of  the  species  reputed 
to  bear  the  "mystic  fern  seed."  It  was  then  known  as  the  "female  fern" 

(a  name  later  transferred  to  Athvrium  filix-femina ,  the  Lady  Fern),  the 
"seed"  of  which  could  be  obtained  only  on  midsummer  eve. 

The  rhizome  is  astringent  and  in  India  is  considered  useful  for 
diarrhea  and  inflammation  of  the  gastric  and  mucous  membranes.  Boiled 
in  oil  or  lard,  the  rhizome  is  made  into  an  ointment  for  wounds.  A  de¬ 
coction  of  the  rhizome  and  fronds  has  been  given  in  chronic  disorders 
arising  from  obstruction  of  the  viscera  and  spleen.  An  infusion  of  the 
plant  has  been  used  to  expel  intestinal  worms  and  to  treat  diarrhea. 
American  Indians  were  also  aware  of  the  medical  properties  of  this  spe¬ 
cies.  Some  tribes  employed  it  in  cases  of  insufficient  milk  secretion, 
the  rhizome  being  pounded  and  steeped  in  water  for  use  as  a  drink  by 
Menominee  women  to  relieve  plugged  milk  ducts.  It  was  also  used  by  the 
Delawares  as  a  diuretic  to  increase  urine  flow  and  by  the  Ojibwas  in 
treating  stomach  cramps  in  women. 

Bracken  is  poisonous  when  eaten  by  stock.  In  central  New  York 
cows  have  been  poisoned  by  eating  the  fronds  during  dry  seasons  or  in 
late  summer  when  other  green  vegetation  is  scarce.  Kingsbury  (1964) 
states  that  ingestion  of  large  amounts  of  Bracken  fronds  over  an  extended 
period  of  time  produces  an  acute  disease  of  sudden  onset,  brief  duration, 
and  usually  fatal  termination.  A  few  imperfectly  described  instances  of 
suspected  Bracken  poisoning  in  pigs  have  been  reported  in  England.  Sheep 
are  more  resistant  than  cattle  to  Bracken  poisoning;  natural  cases  are 
rare,  however,  and  none  has  been  reported  in  the  United  States.  Bracken 
poisoning  of  horses  was  first  reported  in  North  America  in  1917,  following 
severe  loss  of  stock  in  British  Columbia.  In  all  cases  the  horses  were 
stabled  and  fed  poor-quality,  bracken-containing  hay;  some  horses  even 
contracted  bracken  poisoning  from  ingestion  of  their  bedding. 
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In  some  areas  this  species  has  become  an  obnoxious  weed.  Clean 
cultivation  will  destroy  the  rootstocks.  Muenscher  (1935)  suggests  that 
recently  cleared  land  infested  with  Bracken  should  be  plowed  deep  and  the 
rootstocks  harrowed  out,  piled,  and  burned.  In  pastures  mow  or  pull  the 
fronds  twice  a  year  before  spores  are  matured,  usually  in  July  and  August, 
but  the  exact  dates  vary  somewhat  with  the  locality.  It  is  also  helpful 
to  fertilize  infested  areas,  and  pastures  can  be  grazed  closely  with 
sheep.  Small  patches  can  be  sprayed  with  a  weed  killer. 

Thelypteris  Schmidel.  Beech  Fern,  New  York  Fern,  Marsh  Fern. 

This  is  a  large  cosmopolitan  genus,  best  developed  in  temperate 
and  subtropical  Asia.  The  name  of  the  genus  is  derived  from  the  Greek 
thelus ,  female,  and  pteris ,  fern. 

Key  to  Local  Species  of  Thelypteris 

1.  Blades  triangular,  broadest  at  base,  2 

2.  Wings  of  rachis  not  extending  down  to  the  lowest  pinnae; 
frond  narrower  than  long,  commonly  strigose  pubescent,  the 
rachis  and  lower  surface  more  or  less  chaffy  with  brown 
scales;  united  upper  and  lower  segments  of  opposite  sides 
of  pinnae  not  forming  a  fiddle-shaped  wing,  these  pinnae 
bent  upward,  perpendicular  to  the  leaf  surface .  T.  phegopteris 

2.  Wings  of  rachis  extending  down  to  lowest  pinnae;  frond 
nearly  or  quite  as  broad  as  long,  rarely  strigose,  mi¬ 
nutely  glandular-puberulent  on  rachis  and  veins  beneath, 
at  most  with  a  few  white  scales;  united  upper  and  lower 
basal  segments  of  opposite  pinnae  forming  a  fiddle¬ 
shaped  wing,  these  pinnae  in  the  same  plane  as  the  rest 

of  the  blade .  T.  hexagonoptera 

1.  Blades  narrowly  lanceolate,  narrowed  toward  the  base,  3 

3.  Blades  strongly  narrowed  toward  the  base,  the  lowest  pinnae 
rudimentary;  stipes  much  shorter  than  the  blades;  veins 

mostly  simple .  T.  noveboracensis 

3.  Blades  only  slightly  narrowed  toward  the  base,  the 
lowest  pinnae  not  rudimentary;  stipes  nearly  as  long 
as  or  longer  than  the  blades;  veins  of  the  sterile 
blades  forked,  those  of  the  fertile  partly  simple, 
partly  forked .  T.  palustris 

Thelypteris  hexagonoptera  (Michx.)  Weatherby.  Broad  Beech  Fern. 

Meaning  of  Species  Name.  Hexagonal  or  six-cornered  fern,  from 
the  angular  subsections  of  the  winged  rachis. 

Synonyms .  Dryopteris  hexagonoptera  (Michx.)  Christens  in  Fern- 
aid  (1950). 

Other  Names .  Hexagon  Beech  Fern,  Six-angled  Polypody. 

TVpe  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Moist  woodlands  and  thickets;  House  (1924)  gives  "in 
dry  woods  and  on  open  slopes." 

Range ,  Que  and  Me  to  Ont  and  Minn,  s  to  Fla  and  Tex. 
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Thelypteris  hexagonoptera--Broad  Beech  Fern 
[From  Billington  (1952),  Fig.  51,  p.  166.] 


Distr  in  NYS .  Rare  on  LI  and  SI;  common  norths  and  in  the  Cats¬ 
kills,  and  frequent  or  locally  abundant  in  the  c  and  w  portions  of 
the  state . 

Distr  in  the  Torrev  Range .  NY:  Rare  on  LI  and  SI,  increasing 
northw  and  becoming  common  in  the  Catskills. 

Elevation .  Sea  level-4020  ft  in  the  Torrey  range. 

Time  of  Fr .  Jun  25~Aug  10  at  Cornell. 

Origin .  Native. 

Thelypteris  noveboracensis  (L.)  Nieuwl.  New  York  Fern. 

Meaning  of  Species  Name .  Of  New  York. 

Synonyms .  Dryopteris  noveboracensis  (L.)  Gray  in  Fernald  (1950). 

Other  Names .  Bear's-paw. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Dry  to  damp  woods,  thickets,  and  swamp  margins. 

Range .  Nf  to  Ont  and  Minn,  s  to  Ga,  Miss,  and  Ark. 

Distr  in  NYS .  Common  throughout  most  secs  of  the  state. 

Distr  in  the  Torrey  Range .  Common  throughout  the  range  except  in 
the  pine  barrens. 
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Thelypteris  noveboracensis — New  York  Fern 
[From  Billington  (1952) ,  Fig.  47,  p.  l60.3 
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Thelypteris  palustris  ssp.  pubescens — Marsh  Fern 
[From  Billington  (1952),  Fig.  46,  p.  158*] 
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Elevation .  Grows  to  5000  ft  in  Va;  observed  on  the  summit  of 
Slide  Mt  at  4 100  ft  in  Ulster  co. 

Time  of  Fr .  Jun-Sep;  Aug-Sep  15  at  Cornell. 

Origin .  Native. 

Remarks.  Sometimes  sweet-scented  in  drying,  with  a  lemon-like 
or  vanilla-like  odor. 

Thelypteris  palustris  Schott,  ssp.  pubescens  (Lawson)  Holub.  Marsh  Fern. 

Meaning  of  Species  Name .  Of  marshes;  ssp.  name,  pubescent. 

Synonyms .  Dryopteris  thelypteris  (L.)  Gray  var.  pubescens  (Law- 
son)  Nakai  in  Fernald  (1950). 

Other  Names .  Meadow  Fern,  Snuffbox  Fern,  Marsh  Shield  Fern, 

Wood  Fern,  Swamp  Fern,  Quill  Fern,  Ground  Fern,  Creeping  Water  Fern, 
Beaver  Meadow  Fern. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Bogs,  swamps,  sterile  meadows,  low  woods,  and  thickets. 

Range .  Nf  to  Ont  and  Man,  s  to  Fla  and  Tex;  also  in  Bermuda, 

Cuba,  S  Afr,  and  Eurasia. 

Distr  in  NYS .  Common . 

Distr  in  the  Torrev  Range .  Throughout  the  range,  but  less  common 
in  the  pine  barrens  than  elsewhere . 

Elevation .  Grows  to  2000  ft  in  Vt. 

Time  of  Fr.  Jun-Oct;  Aug-Sep  at  Cornell. 

Origin .  Native. 

»  »  ,  V 

Thelypteris  phegopteris  (L.)  Slosson.  Narrow  Beech  Fern. 

Meaning  of  Species  Name .  An  old  generic  name  meaning  Beech  Fern. 

Synonyms .  Dryopteris  phegopteris  (L.)  Christens  in  Fernald 
(1950)  ‘  . . ” 

Other  Names .  Northern  Beech  Fern,  Long  Beech  Fern,  Sun  Fern,  Com¬ 
mon  Beech  Fern. 

Type  of  Plant ♦  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Moist  cliffs,  woodlands,  and  hillsides. 

Range .  G1  and  Lab  to  Ak,  s  to  NC,  Tenn,  la,  and  Ore;  also  in 
Eurasia . 

Distr  in  NYS.  Common  throughout  the  Adirondack  and  L  George  regs; 
frequent  in  the  Catskills  and  local  southw  to  Westchester  co;  rare 
or  local  in  c  and  w  NY,  but  frequent  in  the  Susquehanna  reg. 

Distr  in  the  Torrev  Range .  NY:  Not  definitely  known  from  LI  or 
SI,  but  reported  from  the  former  and  local  in  n  Westchester  co, 
increasing  northw. 

Elevation .  Grows  to  4000  ft  in  Vt;  sea  level-3980  ft  in  the 
Torrey  range;  3000  ft  in  Delaware  co. 

Time  of  Fr.  Jun  25”Jul  at  Cornell. 

Origin.  Native. 

Remarks .  Clute  (1938)  states  that  this  species  grows  in  greatest 
luxuriance  on  cliffs  and  in  ravines  where  dripping  ledges  provide 
dwelling  places  to  its  liking. 
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Thelypteris  phegopteris — Narro-w  Beech  Fern 
[From  Shaver  (195*+)*  Fig  15*+,  p.  291.] 
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Woodsia  R.  Br.  Woods la. 

This  is  a  genus  of  a  dozen  or  more  species  of  deciduous  and  ever¬ 
green  ferns,  of  which  there  are  hardy  and  tender  kinds.  They  are  na¬ 
tives  of  North  America,  Europe,  and  northern  Asia,  chiefly  of  the  north 
temperate  zone.  The  name  of  the  genus  commemorates  Joseph  Woods,  1776- 
1864,  an  English  botanist.  They  are  low  and  rather  small  tufted  ferns 
with  pinnately  divided  fronds.  The  hardy  kinds  are  sometimes  planted 
in  rock  gardens  in  a  sheltered,  shaded  location. 

Key  to  Local  Species  of  Woodsia 

1.  Stipes  not  jointed  at  base,  their  denuded  remnants  often  long 
and,  including  rachises,  of  irregular  lengths;  blades  glan¬ 
dular;  indusia  cuplike,  cleft  nearly  to  the  base  into  broad¬ 
ly  oblong  to  ovate  toothed  segments,  long  septate  hairs  want¬ 
ing;  frond  and  stipe  glabrous  or  merely  glutinous  except  for 

chaff  on  stipe . . . . . W .  obtusa 

1.  Stipes  jointed  near  the  base,  the  joint  appearing  as  a  slight¬ 
ly  thickened  and  darkened  ring;  the  persistent  old  bases  of 
stipes  of  essentially  uniform  length,  mostly  1-3  cm  long; 
blades  not  glandular,  2 

2.  Stipes  and  at  least  the  lower  third  of  the  rachises  brown, 
firm,  often  shaffy  at  base;  rhizome  scales  sparingly  fim¬ 
briate-  ciliate ;  blades  2-3-5  cm  wide;  indusium  a  minute  disk 

bearing  10-20  long,  dark  septate  hairs  on  margin . W.  ilvensis 

2.  Stipes  and  rachises  green  or  stramineous,  the  latter  with¬ 
out  chaff,  the  former  rarely  chaffy  above  the  joints;  rhi¬ 
zome  scales  not  fimbriate- ciliate ;  blades  8-l4  mm  wide;  in¬ 
dusia  with  5"8  hairs  only  slightly  exceeding  sporangia.  W.  glabella 

Woodsia  glabella  R.  Br.  Smooth  Woodsia. 

Meaning  of  Species  Name .  Smooth. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Crests  of  shaded  cliffs  in  thin  moss  or  humus,  usu¬ 
ally  on  calcareous  rocks. 

Range .  Nf  to  Ak,  s  to  n  NH,  n  Vt,  Catskill  mts  of  NY,  Ont,  and 
BC;  also  in  Eurasia. 

Distr  in  NYS .  In  1924  House  reported  this  species  as  being  known 
only  from  Herkimer  co. 

Distr  in  the  Torrev  Range .  Not  listed  in  Taylor  (1915)- 

Time  of  Fr .  Jul-Aug. 

Origin .  Native. 

,o  ,,  o 

Growing  in  wooded  country  between  54  and  64  north  latitude, 
this  species  was  first  discovered  on  a  journey  to  the  shores  of  the 
Polar  Sea  by  Sir  John  Franklin  between  1819  and  1822.  Named  in  1823, 
it  was  later  found  to  be  distributed  in  arctic  and  alpine  Europe  and 
Asia . 


Two  features,  its  diminutive  size  and  subalpine  distribution,  have 
operated  against  general  acquaintance  with  this  plant  in  the  northeastern 
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Woodsia  glabella- -Smooth  Woodsia  Woodsia  ilvensis — Rusty  Woodsia 

[From  Small  (1935),  p.  132.]  [From  Small  (1935),  p.  130.] 


states.  In  fact,  as  reported  by  Small  (1935)?  its  occurrence  in  the 
state  of  New  York  was  doubted  or  overlooked  for  many  years.  However,  it 
is  certain  now  that  the  fern  was  found  many  years  ago  in  Greene  County. 

In  1895  it  was  rediscovered  at  the  same  locality,  and  in  1921  collected 
there  for  the  third  time.  Regarding  the  latest  finding  of  this  fern, 
the  collector  records  that  "In  the  latter  part  of  August,  1921,  ...  I  ex¬ 
plored  a  deep  ravine  where  sheer  dripping  cliffs  with  the  talus  extend¬ 
ing  almost  to  the  bank  of  the  stream  formed  an  agreeable  prospect.  Here 
I  found  on  the  rocks  the  slender  cliff-brake  ( Cryptogramma  Stelleri ) .... 
Growing  near  the  slender  cliff-brake  were  bleached  specimens  of  the  long 
beech-fern  (Thelypteris  Phegopteris  (L.)  Slosson)  and,  almost  concealed 
In  the  fissures,  a  small  fern  in  some  abundance  at  this  particular  spot, 
which  I  at  first  supposed  might  be  Asplenium  viride  Huds .  A  glance  at 
the  textbooks  and  manuals,  however,  soon  assured  me  that  I  had  found  the 
smooth  Woodsia  ..."  at  an  altitude  of  about  2500  feet. 

Woodsia  ilvensis  (L.)  R.  Br.  Rusty  Woodsia . 

Meaning  of  Species  Name .  Of  the  Island  of  Elba,  where  this  spe¬ 
cies  is  reported  to  have  been  first  discovered. 

Other  Names .  Fragrant  Woodsia,  Ray's  Woodsia,  Oblong  Woodsia, 
Woodsia,  Hairy  Woodsia,  Hair  Fern. 

Type  of  Plant .  A  perennial  herb,  reproducing  by  spores. 

Habitat.  Dry,  mostly  sterile  rocks,  cliffs,  and  talus,  mostly 
in  acid  soil  and  frequently  in  exposed  situations. 

Range .  G1  and  Baff inland  to  Ak,  s  to  Nf,  NJ,  Pa,  upland  to 
NC,  Ill,  Mich,  la,  Alta,  and  BC;  also  in  Eurasia. 

Distr  in  NYS .  Frequent  throughout  the  n  counties,  the  Adiron¬ 
dack  and  L  Champlain  reg  (3000  ft  alt),  and  southw  in  the  Hudson 
valley  to  the  Catskill  mts;  elsewhere  local  or  rare. 

Distr  in  the  Torrev  Range .  NY:  Reported  but  not  definitely  known 
from  LI,  unknown  on  SI,  rare  and  local  in  Westchester  and  Rockland 
co,  increasing  northw. 

Elevation .  Grows  to  5000  ft  in  NH,  sea  level-3900  ft  in  the 
Torrey  range . 

Time  of  Fr.  Jun-Oct;  Jun  10-Sep  15  at  Cornell. 

Origin .  Native. 

Woodsia  obtusa  (Spreng.)  Torr.  Blunt- lobed  Woodsia . 

Meaning  of  Species  Name .  Obtuse. 

Type  of  Plant.  A  perennial  herb,  reproducing  by  spores. 

Habitat .  Shaded  ledges,  rocky  woods,  and  dry  wooded  talus 
slopes . 

Range .  Me  to  Minn  and  Neb,  s  to  Fla  and  Tex. 

Distr  in  NYS.  Frequent  from  L  Champlain  southw  in  the  Hudson 
valley  to  Westchester  co,  rare  or  local  on  LI  and  SI,  not  reported 
from  the  Adirondack  reg,  and  reported  as  rare  and  local  in  the  Sus¬ 
quehanna  and  Chenango  valleys  and  in  w  NY. 

Distr  in  the  Torrev  Range .  NY:  Near  Greenport,  LI,  rare  on  SI, 
thence  increasing  northw. 

Elevation.  Grows  to  2200  ft  in  Va,  sea  level-4020  ft  in  the 
Torrey  range . 
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Woodsia  obtusa — Blunt- lobed  Woodsia 
[From  Billington  (1952),  Fig.  4l,  p.  l46.] 

Time  of  Fr .  May-Oct;  Jun  25“Jul  at  Cornell. 

Origin.  Native. 

Remarks .  Sometimes  confused  in  the  field  with  Cvstonteris  frag- 
ilis,  but  the  scales  borne  along  the  rachis  readily  distinguish  the 
Woodsia . 
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APPENDIX 


To  collect  specimens  of  the  more  than  1000  plants  growing  in  each 
of  the  several  townships  in  the  Catskills  would  not  only  entail  an  enormous 
amount  of  work  but  would  at  the  same  time  clutter  up  the  herbarium  with 
hundreds  of  specimens  of  very  common  plants.  Taking  a  cue  from  the  work 
of  Homer  D.  House  and  Stanley  J.  Smith,  both  of  whom  have  supplemented  col¬ 
lections  with  observations  in  compiling  distribution  records  for  the  State 
of  New  York,  the  writer  for  many  years  has  made  an  effort  to  collect  one 
specimen  of  each  plant  growing  in  the  Catskills,  supplementing  these  records 
with  observations  made  in  the  field,  listing  all  specimens  identified  at 
each  locality  on  any  given  date. 

The  fly  in  this  ointment,  of  course,  is  that  the  observer  must  know 
what  he  is  looking  at.  When  not  sure  of  the  identity  of  any  given  plant 
in  the  field,  a  specimen  was  collected  to  key  out  at  home.  In  due  course, 
these  field  observations  were  listed  in  sequence  by  place  and  date,  then 
transferred  to  4-by-6-inch  file  cards  under  the  name  of  the  species,  elim¬ 
inating  duplicate  observations  made  on  previous  visits  at  or  near  the  same 
place.  These  records  are  supplemented  by  a  picture  file,  both  of  colored 
slides  and  of  black-and-white  photographs,  built  up  over  the  years.  The 
result  totals  thousands  of  records  from  each  county  in  the  Catskills,  many 
from  different  places  in  the  same  township.  It  was  therefore  necessary  to 
devise  some  method  to  reduce  the  bulk  of  these  records  while  still  giving 
a  fairly  comprehensive  view  of  the  distribution  of  the  various  species  in 
the  Catskills. 

Some  scientific  studies  of  plant  distribution  are  made  on  grid  plots 
of  equal  size  and  shape.  While  not  strictly  accurate  from  the  scientific 
point  of  view,  perhaps,  the  township  boundaries  in  each  county  do  effec¬ 
tively  break  up  the  area  into  a  grid.  Following  a  device  used  by  a  number 
of  other  writers  faced  with  a  similar  problem,  the  writer  therefore  decided 
to  use  the  township  grid  as  a  basis  for  the  distribution  maps  that  follow; 
the  selection  of  records  was  based  on  the  following  criteria: 

1.  All  specimens  collected  in  the  Catskills  have  been  listed,  even 
when  two  or  more  came  from  the  same  township. 

2.  All  known  references  in  the  literature  have  been  included. 

3.  In  the  absence  of  specimens,  with  few  exceptions,  only  the  earli¬ 
est  observation  for  each  township  is  given,  regardless  of  the 
number  of  observations  at  hand  for  that  area. 

4.  Records  are  arranged  in  chronological  sequence  by  county. 

5.  In  selecting  the  records  for  each  township,  collections  take 
precedence;  when  no  collection  records  are  available,  photo¬ 
graphs  take  precedence  over  observations  as  representing  more 
objective  evidence  of  the  occurrence  of  the  species  in  that 
area . 

6.  Owing  to  the  uncertain  status  of  species  on  the  Platt  list,  sub¬ 
sequent  records  for  the  Town  of  Franklin  in  Delaware  County  are 
also  listed  as  confirmation  of  the  fact  that  the  species  occurs 
in  that  township. 
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On  the  distribution  maps  that  follow,  a  solid  dot  (•)  represents 
a  collection  made  in  that  township,  while  an  open  circle  (o)  represents 
an  observation,  a  reference  in  the  literature,  or  a  photograph  taken  by 
the  writer,  with  "T"  indicating  a  transparency  in  color  and  "BW"  a  black- 
and-white  picture.  No  effort  has  been  made  to  show  the  approximate  loca¬ 
tion  within  the  township  of  collections  or  observations;  the  solid  dots 
and  open  circles  simply  indicate  the  occurrence  of  that  taxon  somewhere 
within  the  township. 

In  most  instances  a  specimen  has  been  collected  as  conclusive  evi¬ 
dence  that  a  particular  species  occurs  in  each  county.  Specimens  of  all 
critical  taxa  collected  by  the  writer  have  been  checked  by  the  late  Stanley 
J.  Smith  ("SJS"  in  the  records  that  follow),  curator  of  botany  at  the  New 
York  State  Museum  in  Albany,  and  specimens  have  been  deposited  with  that 
institution . 

Herbaria  where  specimens  from  the  Catskill  region  are  filed  are 
indicated  in  the  distribution  records  as  follows:  (BKL)  Brooklyn  Botanic 
Garden;  (Brooks)  herbarium  of  the  writer;  (CU)  Cornell  University;  (MIN) 
University  of  Minnesota;  (NY)  New  York  Botanical  Garden;  (NYS)  New  York 
State  Museum;  (0)  Ohio  State  University;  (PENN)  University  of  Pennsylvania; 
(Phil)  Philadelphia  Academy  of  Science;  (US)  U.S.  National  Herbarium. 

The  eventual  aim  is  to  secure  at  least  one  specimen  or  an  observa¬ 
tion  of  each  species  occurring  in  each  of  the  several  townships  comprising 
the  Catskill  region--an  almost  never-ending  task.  But  from  these  records 
one  can  easily  compile  a  check  list  for  any  particular  township.  It  is 
hoped  that  such  information  may  stimulate  further  research  and  add  to  our 
knowledge  of  the  local  distribution  of  plants  in  this  area.  During  the 
last  century  it  was  the  fashion  among  amateur  botanists  to  compile  floras 
or  check  lists  for  their  local  townships,  work  that  contributed  to  a  more 
intimate  knowledge  of  the  plants  growing  in  the  area  covered.  There  is 
still  need  for  such  studies.  In  addition  to  extending  our  scientific 
knowledge  concerning  the  distribution  of  plants,  such  a  project  will  not 
only  result  in  a  deeper  understanding  of  the  natural  world  but  also  pro¬ 
vide  many  hours  of  intense  satisfaction. 
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ALBANY 


|  "-.^/Fallsburgh' 

S  U  L  L  I  V  A 


Counties  and  townships  of  the  Catskill  mountain  region. 
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I  •-  v  •  tr,  f  B 

> 


Equisetum  arvense  L. 
Field  Horsetail 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Gregorytown,  Town  of  Colchester 

1  Brooks  1939?  frag,  specimen  destroyed  after  verification  by  SJS 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
KLB  obs  29  May  52 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
1639  Brooks  10  Jul  52-“Brooks;  2285  Brooks  15  May  53"“Brooks 
Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Davenport  Center,  Town  of  Davenport 
Smith  &  Brooks  obs  7  Aug  54 
1  l/2  mi  sw  of  Odell  L,  Town  of  Harpersf ield 
KLB  obs  2  Jul  55 

1  mi  s  of  Cadosia,  Town  of  Hancock 

18998  S*  J.  Smith  and  Wilcox  10  Aug  55"“NYS 
Vly  Creek,  1  mi  n  of  Fleischmanns ,  Town  of  Middletown 
4956  Brooks  23  May  70--NYS 
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Equisetum  arvense 


Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
5061  Brooks  11  Jul  71--NYS;  5089  Brooks  18  Jun  72— NYS 
Big  Pond  Rd,  l4  mi  s  by  e  of  Andes,  Town  of  Andes 
KLB  obs  6  Jun  73 

3  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
KLB  obs  19  Jun  73 

1  1/2  mi  sw  of  Bovina  Center,  Town  of  Bovina 

KLB  obs  7  Jul  73 

2  1/2  mi  e  by  n  of  Delancey,  Town  of  Hamden 

KLB  obs  l4  Jul  73 

3  mi  s  of  Walton,  Town  of  Walton 

KLB  obs  29  Jun  75 
East  Meredith,  Town  of  Meredith 
KLB  obs  1  Aug  75 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  4  Aug  75 

Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

1  1/2  mi  w  of  Loomis,  Town  of  Tompkins 

KLB  obs  7  Sep  75 

Greene  County 

Onteora,  Town  of  Hunter 
Anna  M.  Vail  [l89l]"NY 
Deep  Notch,  s  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 
Prattsville,  Town  of  Prattsville 
KLB  obs  19  Jun  73 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 

KLB  obs  25  Jun  73 
2  mi  s  of  Jewett,  Town  of  Jewett 
KLB  obs  1  Jul  75 

2  mi  n  of  Windham,  Town  of  Windham 
KLB  obs  21  Jul  75 

Vic  of  E.  Ashland,  Town  of  Ashland 
KLB  obs  14  Sep  75 

Schoharie  County 

Vic  of  W.  Conesville,  Town  of  Conesville 
KLB  obs  1  Jul  75 
Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 

Sullivan  County 

N  of  N.  Branch,  Town  of  Callicoon 
SJS  obs  20-22  Jun  56 


(Continued  on  p.  161) 
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Equisetum  fluviatile  L. 
Water  Horsetail 


Flora  of 

THE  CATSKILLS 
New  York  State 


North  Franklin,  Town  of  Franklin 

4746  Brooks  28  May  67__NYS,  Brooks 
Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 

4961  Brooks  13  Jun  70--NYS;  4965  Brooks  27  Jun  70--NYS,  Brooks; 
5086  Brooks  4  Jun  72--NYS 
Vic  of  Fishs  Eddy,  Town  of  Hancock 
KLB  &  Phil  Caswell  ohs  14  Sep  78 


Greene  Counts 


Peach  L,  Catskills 

6417  M.  S.  Baxter  17  Aug  26--Baxter 


Flora  of 

Equisetum  hyemale  L.  THE  CATSKILLS 

ssp.  affine  (Engelm. )  Stone  New  York  State 

Winter  Scouring  Hush 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  18U0 

Old  Stone  Schoolhouse,  2  l/2  mi  sw  of  Margaretville ,  Town  of  Middletown 
5011  Brooks  30  May  71--NYS,  Brooks 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Mary  F.  Miller  11  Sep  I898--PENU  (this  specimen  was  labeled  E.  lae- 
vigatum,  but  Stanley  Smith  was  of  the  opinion  that  it  was  an  aber¬ 
rant  form  of  E .  hyemale  affine ) ;  231  Miller  31  Aug  02--NYS 
Mt  Tremper,  Town  of  Shandaken 

U962  Brooks  &  Mary  Domyille  21  Jun  70--NYS,  Brooks 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 


-158- 


Equisetum  x  litorale  Kuhl. 

(E .  fluviatile  x  E.  arvense) 
Shore  Horsetail 


Flora  of 

THE  CATSKILLS 
New  York  Stale 


Delaware  County 

1  mi  w  of  Cadosia,  Town  of  Hancock 
SJS  obs  10.  Aug  55 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 

U909  Brooks  21  Jun  69~~NYS;  U966  Brooks  27  Jun  70--Brooks,  NYS 
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Equisetum  sylvaticum  L. 
Wood  Horsetail 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
859  Brooks  26  Aug  51“"NYS;  15^-3  Brooks  l4  Jun  52--NYS,  Brooks; 
2036  Brooks  16  May  53"~Brooks 

Bullet  Hollow  Rd,  4  l/2  mi  nw  of  Andes,  Town  of  Delhi 
1958  Brooks  17  Aug  52--NYS 

Walling  Place,  Vly  Creek,  1  mi  n  of  Fleischmanns ,  Town  of  Middletown 
5000  Brooks  22  May  71— NYS 

Rathbone  Hill  Rd,  2  mi  sw  of  Davenport  Center,  Town  of  Davenport 
KLB,  Kathy  Emerson,  &  Phil  Caswell  obs  23  Aug  78 

Vic  of  Gregorytown,  Town  of  Colchester 

KLB,  Kathy  Emerson,  &  Phil  Caswell  obs  30  Aug  78 

Sullivan  County 

Liberty,  Town  of  Liberty 

4626  E.  Whitney  30  Jul  35""WYS 
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Equisetum  sylvaticum 


E  side  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  7  Sep  56 

1  mi  s  of  Lew  Beach,  Town  of  Rockland 

5178  Brooks  3  Jun  74— NYS 

Ulster  County 

Bull  Run,  vie  of  Denning,  Town  of  Denning 
3515  C.  J.  Elting  25  May  1899" NYS 

2  mi  e  of  Turnwood,  Town  of  Hardenburgh 

KLB  obs  31  May  76 

3  mi  nw  of  Tabasco,  Town  of  Rochester 

KLB  &  Paul  Huth  obs  19  Aug  76 


Equisetum  arvense  (continued  from  p.  156) 

S  side  of  Rondout  Reservoir,  Town  of  Neversink 
SJS  obs  22  Jun  56 

Between  Hankins  &  Long  Eddy,  Town  of  Fremont 
SJS  obs  8  Sep  56 

1  mi  s  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

3  mi  n  of  Woodbourne,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

S  side  of  Bushnellsville ,  Town  of  Shandaken 
SJS  obs  12  Aug  6l 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  l8  Jul  73 

Vic  of  Hardenburgh,  Town  of  Hardenburgh 
KLB  obs  14  May  74 

Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 
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Lycopodium  annotinum  L. 

ssp.  annotinum 
Bristly  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Stamford,  Town  of  Stamford 
N.  Taylor  3" 10  Jul  09" “NY 
Arkville,  Town  of  Middletown 

F.  Mulford  &  P.  Wilson  29“ 31  May  15“ “NY;  P.  Wilson  5  Jul  15“ “NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  86,  1924. 

S  of  Davenport,  Town  of  Davenport 
5035  E.  Whitney  17  Jun  36--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
2278  Brooks  15  May  53““Brooks,  NY'S 
N  of  Lordville,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Scotch  Mt ,  31/2  mi  ne  of  Delancey,  Town  of  Delhi 
KLB  obs  12  Jul  54 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 
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Lycopodium  annotinum  ssp.  annotinum 


Greene  County 

Tannersville ,  Town  of  Hunter 
Anna  M.  Vail  17  Jul  I89I— NY 
Onteora,  Town  of  Hunter 

Anna  M.  Vail  17  Jul  I89I— NY 
Kaaterskill  Mt  Rd,  Town  of  Hunter 
Rudolf  Ringe  5  Sep  l891~~ NY 
Twilight  Park,  Town  of  Hunter 

G.  Schull  8  Jun  03- “US 
Maplecrest,  Town  of  Windham 

Alexandra  Dodd  10  Jul  27--NY 
Vic  of  Haines  Falls,  Town  of  Hunter 

R.  H.  Torrey  obs  above  3000  ft  in  Torreya  30:  24-25,  1930. 
N  slope  of  Hunter  Mt,  Town  of  Hunter 

4588  H.  K.  Svenson  at  3800  ft  24  Aug  31— BKL 
Steinfeld  Place,  3  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  26  Jul  75 

Sullivan  County 

L  Shandelee,  Town  of  Callicoon 
P.  Wilson  15  Aug  18— NY 
Se  of  Willowemoc,  Town  of  Neversink 
SJS  obs  15  Aug  52 

Ulster  County 

Shandaken,  Town  of  Shandaken 
244  Miller  12  Aug  03~"NYS 
Bushnellsville,  Town  of  Shandaken 
M.  S.  Miller  11  Sep  03--US 
Slide  Mt,  Town  of  Shandaken 

6708  M.  S.  Baxter  6  Aug  26--Baxter 
Red  Hill  at  Denning,  Town  of  Denning 
E.  J.  Alexander  8  Nov  27“ -NY 
Town  of  Denning 

256  H.  Dunbar  11  Aug  53““NYS 
Dry  Brook  valley,  Town  of  Hardenburgh 

H.  Dunbar  obs  May  59 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
693  M.  Domville  11  Jul  70--NYS 
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Lycopodium  annotinum  L. 

ssp.  pungens  (LaPylaie)  Hult. 


Flora  of 

THE  CATSKILLS 
New  York  State 


Ulster  County 

Shandaken,  Town  of  Shandaken 
243  Miller  11  Sep  03--NYS 
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Lycopodium  clavatum  L. 
Staghorn  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Stamford  at  2300  ft,  Town  of  Stamford 
N.  Taylor  3“ 10  Jul  09““NY 
Arkville,  Town  of  Middletown 

E.  N.  Harvey- -NY;  P.  Wilson  3  Jul  15  &  l6  Jul  15" "NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour,  lb:  86,  1924  (var.  megastachyon) . 
Delhi,  Town  of  Delhi 

2047  N.  Hotchkiss  10  May  27--NYS 
Walton,  Town  of  Walton 

H.  M.  Denslow  8  Jul  27~“NY 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4525  E.  Whitney  27  Jul  35--NYS 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
384  Brooks  27  Jun  51--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
304  Brooks  24  Jun  51- -Brooks,  NYS ;  6l6  Brooks  23  Jul  51--NYS; 

86l  Brooks  26  Aug  51“ "Brooks 


-165- 


Lycopodium  clavatum 


N  of  Lordville,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  lb  Jul  54 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Gregory  Hollow  Rd,  4  mi  s  by  e  of  Delancey,  Town  of  Hamden 
KLB  obs  11  May  75 

Storey  Place,  6  mi  se  of  Framklin,  Town  of  Franklin 
KLB  obs  20  Jun  76 

2  mi  e  of  Meridale,  Town  of  Meredith 
KLB  obs  19  Sep  76 

Vic  of  Emmons  Bog,  Town  of  Davenport 

KLB,  Kathy  Emerson,  &  Phil  Caswell  obs  23  Aug  78 

Greene  County 

Big  Hollow  [Maplecrest ] ,  Town  of  Windham 
2380  Barnhart  at  2000  ft  [n.d.]--NYS 
Haines  Falls,  Town  of  Hunter 
Lighthipe  [n.d.]--BKL 
Tannersville ,  Town  of  Hunter 
Anna  M.  Vail  13  Jul  I89I--NY 
Onteora,  Town  of  Hunter 

Anna  M.  Vail  13  Jul  I89I--NY 
Hunter  Mt,  Town  of  Hunter 

E.  A.  Mearns  27  Aug  I896--NY 
Lanesville,  Town  of  Hunter 

H.  M.  Denslow  11  Aug  19“ -NY 
Vic  of  Haines  Falls  above  3000  ft,  Town  of  Hunter 
R.  H.  Torrey  obs  in  Torreya  30:  24-25,  1930 
Steinfeld  Place,  3  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  26  Jul  75 

Sullivan  County 

L  Willowemoc,  Town  of  Neversink 
L.  M.  Underwood  l875““NY 
L  Shandelee,  Town  of  Callicoon 
P.  Wilson  10  Aug  18--NY 
Liberty,  Town  of  Liberty 

4623  E.  Whitney  30  Jul  35““NYS 
Between  Parksville  &  Liberty,  Town  of  Liberty 
6777  S.  J.  Smith  &  Bascom  15  Jun  50 — NYS 
Vic  of  Tennanah  L,  Town  of  Fremont 
KLB  obs  19  Jul  76 


(Continued  on  p.  169) 


-166- 


Lycopodium  complanatum  L. 

ssp.  flabelliforme  (Fern.)  Clausen 
Trailing  Ground-pine 


Flora  of 

THE  CATSKILLS 
New  York  Stale 


Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Deposit,  Town  of  Deposit 

F.  Mulford  6  Aug  03--BKL  (labeled  var.  elongatum) 
Arkville ,  Town  of  Middletown 

E.  N.  Harvey- “NY;  P.  Wilson  6  Jul  15“ “NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  86,  1924. 

Delhi,  Town  of  Delhi 

2048  N.  Hotchkiss  10  May  27— NYS 
Houghtaling  Hollow,  n  of  Delhi,  Town  of  Delhi 
4477  E.  Whitney  26  Jul  35" "NYS 
S  of  Davenport,  Town  of  Davenport 
5023  E.  Whitney  17  Jun  36--NYS 
The  Vlai  on  Franklin  Mt,  s  of  Oneonta,  Town  of  Franklin 
5139  McVaugh  &  Curtis--CU 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 

385  Brooks  27  Jun  51“~NYS;  396  Brooks  27  Jun  51~"NYS 


“167“ 


Lycopodium  complanatum  SSP-  flabelliforme 

2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
615  Brooks  23  Jul  51--NYS,  Brooks;  447  Brooks  8  Jul  51--NYS 
N  of  Lordville,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

1  mi  w  of  Odell  L,  Town  of  Harpersfield 

KLB  obs  2  Jul  55 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Roses  Brook  Rd,  3  mi  se  of  S .  Kortright,  Town  of  Stamford 
KLB  obs  16  May  74 
Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  28  Jul  74 

Basin  Clove  Rd,  1  l/2  mi  s  by  e  of  Delancey,  Town  of  Hamden 
KLB  obs  11  May  75 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

4  mi  sw  of  Trout  Creek,  Town  of  Deposit 
KLB  obs  7  Sep  75 

2  mi  w  of  Meredith,  Town  of  Meredith 

KLB  obs  19  Sep  76 

Greene  County 

Big  Hollow  [Maplecrest ] ,  Town  of  Windham 
2314  Barnhart  at  2300  ft  [n.d.]--NY 
Onteora,  Town  of  Hunter 

Anna  M.  Vail  6  Oct  I89I--NY 
Tannersville ,  Town  of  Hunter 
277  N.  Taylor  1  Jun  09“ "NY 
Windham,  Town  of  Windham 

1039  N.  Taylor  2  Aug  09  at  1700  ft- -NY 
Vic  of  Haines  Falls,  Town  of  Hunter 

R.  H.  Torrey  obs  above  3000  ft  in  Torreya  30:  24-25,  1930. 
Brunner  Place,  4  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  9  Jun  75 

Sullivan  County 

L  Shandelee,  Town  of  Callicoon 

P.  Wilson  11  Aug  18  &  23  Aug  18--NY 
Vic  of  Liberty,  Town  of  Liberty 

4615  &  4622  E.  Whitney  30  Jul  35"-NYS 
Between  Parksville  &  Liberty,  Town  of  Liberty 
6778  S.  J.  Smith  &  Ba scorn  15  Jun  50--NYS 
Fir  Brook  Swamp,  ne  of  Willowemoc,  Town  of  Neversink 
8253  S.  J.  Smith  &  Bascom  5  Oct  50--NYS 


-168- 


Lycopodium  complanatum  ssp.  flabelliforme 
Ulster  County 

Vic  of  Pine  Hill,  Town  of  Shandaken 
F.  M.  Hexamer  28  Aug  1884--NY 
Bushnellsville ,  Town  of  Shandaken 
M.  F.  Miller  6  Sep  I898--PENN 
Shandaken,  Town  of  Shandaken 
249  Miller  1  Sep  03--NYS 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
889  M.  Domville  6  Sep  70- -Domville 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 


Lycopodium  clavatum  (continued  from  p.  166 ) 

Ulster  County 

Bushnellsville,  Town  of  Shandaken 
M.  F.  Miller  6  Sep  1898 — PENH 
Shandaken,  Town  of  Shandaken 
246  Miller  6  Sep  02 — NYS 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
692  M.  Domville  11  Jul  70 — Domville 
Meads  Meadow,  Town  of  Woodstock 

1048  M.  Domville  15  Jun  71 — Domville 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 


-169- 


Lycopodium  immdatum  L. 
Bog  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
4924  Brooks  25  Aug  69““Brooks,  NYS 

Sullivan  County 

L  Shandelee,  Town  of  Callicoon 
P.  Wilson  26  Aug  l8- -NY 

Ulster  County 

E  branch  of  Sugarloaf  Brook,  vie  of  Denning,  Town  of  Denning 
E.  J.  Alexander  8  Nov  27__NY 
Vic  of  Round  Pond,  Town  of  Denning 

G.  L.  Stebbins  et  al.  23  Jun  34--NYS 
Town  of  Warwarsing 

H.  Dunbar  at  2000  ft  Aug  50- -NYS 
Denning,  Town  of  Denning 

250  H.  Dunbar  11  Aug  53“ “NYS 


-170- 


,  Lycopodium  lucidulum  Michx. 
Shining  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Arkville,  Town  of  Middletown 

E.  M.  Harvey-“NY;  F.  Mulford  6  Sep  08--BKL;  E.  B.  Southwick  Sep  10- - 
BKL;  F.  Mulford  &  P.  Wilson  29“ 31  May  15--BKL;  P.  Wilson  3  &  10  Jul 
15— NY 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  14:  86,  1924. 

Delhi,  Town  of  Delhi 

2049  N.  Hotchkiss  10  May  27--NYS 
Tompkins,  Town  of  Tompkins 
H.  M.  Denslow  8  Jul  27~“NY 
Roxbury,  Town  of  Roxbury 

3451  E.  Whitney  9  Jun  33-"NYS 
Gould  School,  Town  of  Hancock 

3493  E.  Whitney  12  Jun  33"“NYS 
Hawley’s,  vie  of  Hamden,  Town  of  Hamden 
4501  E.  Whitney  26  Jul  35"-RYS 
S  of  Davenport,  Town  of  Davenport 

5002  &  5025  E.  Whitney  17  Juu  36--NYS 


-171- 


Lycopodium  lucidulum 


Vic  of  Masonville,  Town  of  Masonville 
5112  E.  Whitney  19  Jun  36— NYS 
Bullet  Hollow  Rd,  5  mi  nw  of  Andes,  Town  of  Delhi 

372  Brooks  26  Jun  51 — NYS,  Brooks;  3108  Brooks  13  Jul  5i+“”NYS 
Cleveland  Farm,  1  l/2  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
1671  Brooks  11  Jul  52- -NYS 

N  of  Lordville,  Town  of  Hancock  1663^  S.  J.  Smith  &  Crossman  18  Jun  54 — NYS 
Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
3031  Brooks  6  Jul  5^““Brooks 
Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 
1  mi  s  of  Cadosia,  Town  of  Hancock 

18998  S.  J.  Smith  &  Wilcox  10  Aug  55"NYS 
Trout  Pond  Trail,  4  mi  e  by  s  of  Corbett,  Town  of  Colchester 
KLB  obs  30  May  7b 
Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  11  May  75 

Post  Place,  2l/2  mi  s  of  Stamford,  Town  of  Stamford 
KLB  &  Elisabeth  Post  obs  19  Jun  78 

Greene  County 

Windham,  Town  of  Windham 

2409  Barnhart  at  3^-00  ft  [n.d.]--BKL;  958  N.  Taylor  28~31  Jul  09""NY 
Haines  Falls,  Town  of  Hunter 
Lighthipe  [n.d.]--BKL 
Hunter  Mt,  Town  of  Hunter 

20964  W.  C.  Muenscher  &  Brown  at  4000  ft  [n.d.j — CU 
Onteora  Woods,  Town  of  Hunter 
Anna  M.  Vail  6  Jul  I89I--NY 
Tannersville ,  Town  of  Hunter 
Anna  M.  Vail  6  Jul  I89I--NY 
East  Jewett,  Town  of  Jewett 

Anna  M.  Vail  16  Jul  I89I--NY 
Kaaterskill  Clove,  Town  of  Hunter 
M.  Hollinshead  1  Sep  13— PENN 
Vic  of  Haines  Falls,  Town  of  Hunter 

R.  H.  Torrey  obs  above  3000  ft  in  Torreya  30:  24-25?  1930. 

Sherrill  Mt,  Town  of  Lexington 
Kudish  (1971),  p.  124 
Hunter  Mt,  Town  of  Hunter 
Kudish  (1971),  p.  124. 

Sullivan  County 

L.  Shandelee,  Town  of  Callicoon 
P.  Wilson  27  Aug  18--NY 
Liberty,  Town  of  Liberty 

4632  E.  Whitney  30  Jul  35"NYS 
Fir  Brook  Swamp,  ne  of  Willowemoc,  Town  of  Neversink 
SJS  obs  5  Oct  50 

(Continued  on  p.  175  ) 


-172- 


Lycopodium  obscurum  L. 

Tree  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

W.  Harpersf ield,  Town  of  Harpersfield 

D.  L.  Topping  2  Oct  l895““US 
Stamford,  Town  of  Stamford 

6ll  N.  Taylor  3“  10  Jul  .09“  “NY  (var.  dendroideum) 

Arkville,  Town  of  Middletown 

E.  N.  Harvey--NY;  F.  Mulford  &  P.  Wilson  29“31  May  15--NY; 
P.  Wilson  5  Jul  15  &  15  Jul  15““NY 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Delhi,  Town  of  Delhi 

2046  N.  Hotchkiss  10  May  27““NYS 
Walton,  Town  of  Walton 

H.  M.  Denslow  8  Jul  27_“NY  (var.  dendroideum) 

Gould  School,  Town  of  Hancock 

3492  E.  Whitney  12  Jun  33““NYS 
Vic  of  Meridale,  Town  of  Meredith 
4462  E.  Whitney  26  Jul  35““NYS 


-173- 


Lycopodium  obscurum 


S  of  Davenport,  Town  of  Davenport 
5026  E.  Whitney  17  Jun  36--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 
Bullet  Hollow  Rd,  5  mi  nw  of  Andes,  Town  of  Delhi 
371  Brooks  26  Jun  51--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
655  Brooks  25  Jul  51“ "Brooks,  NYS 
Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Basin  Clove  Rd,  1  l/2  mi  s  by  e  of  Delancey,  Town  of  Hamden 
KLB  obs  11  May  75 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Greene  County 

Onteora  Woods,  Town  of  Hunter 
Anna  M.  Vail  [l89l]--NY 
Tannersville ,  Town  of  Hunter 

Anna  M.  Vail  21  Jun  I89I--NY;  278  N.  Taylor  1  Jun  09" -NY 
Windham,  Town  of  Windham 

944  N.  Taylor  28- 31  Jul  09" “NY 
Vic  of  Haines  Falls,  Town  of  Hunter 

R.  H.  Torrey  obs  above  3000  ft  in  Torreya  30:  24-25,  1930. 

2  mi  e  of  Maplecrest,  Town  of  Windham 
12591  S.  J.  Smith  11  Oct  52--NYS 
Brunner  Place,  4  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  9  Jim  75 

Sullivan  County 

Ne  of  Willowemoc,  Town  of  Neversink 
SJS  obs  15  Aug  52 

Ulster  County 

W.  Shokan,  Town  of  Olive 

Peck  Jul  &  Aug  [n.d.]--NYS 
Along  Beaverkill,  e  of  Turnwood,  Town  of  Hardenburgh 
9983  H.  A.  Gleason  [n.d.]--NY 
Pine  Hill,  Town  of  Shandaken 

F.  M.  Hexamer  23  Aug  1884  &  8  Sep  I885--NY 
Shandaken,  Town  of  Shandaken 
237  Miller  Sep  I898--NYS 


-174- 


Lycopodium  obscurum 


Summit  of  Slide  Mt,  Town  of  Shandaken 

21  N.  Taylor  at  4220  ft  5  Sep  18--BKL;  6713  M.  S.  Baxter  6  Aug  26— 
Baxter 

Ulster  Heights,  Town  of  Warwarsing 

1039  H.  Dunbar  18  Jun  57  (var.  obscurum) --Domville 
Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
889  M.  Domville  6  Sep  70  (var.  dendroideum)- -Domville 
Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 


Lycopodium  lucidulum  (continued  from  p.  172) 

1  mi  ne  of  Basket  School,  Town  of  Fremont 
20338  S.  J.  Smith  &  Fenolt  22  Jun  56--NYS 

Ulster  County 

Along  Beaverkill,  e  of  Turnwood,  Town  of  Hardenburgh 
9944  H.  A.  Gleason  [n.d.]— NYS 

Pine  Hill,  Town  of  Shandaken 
F.  M.  Hexamer  21  Aug  1884--NY 

Shandaken,  Town  of  Shandaken 

18  Miller  Sep  I898--FENU;  233  Miller  10  Aug  02--NYS 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 
0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294-300,  1917. 

Summit  of  Slide  Mt,  Town  of  Shandaken 
13  N.  Taylor  at  4220  ft  5  Sep  18--BKL 

Watson  Hollow,  Town  of  Denning 
SJS  obs  15  Aug  57 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

Balsam  Cap,  Hemlock  &  Fir  mts,  Town  of  Shandaken 
Kudish  (1971),  p.  125. 

Big  Indian  &  Schoolhouse  mts,  Town  of  Denning 
Kudish  (1971),  p.  125 

Doubletop,  Balsam  L,  Balsam  &  Eagle  mts,  Town  of  Hardenburgh 
Kudish  (1971),  PP.  125,  128. 


-175“ 


Lycopodium  sabinaefolium  Willd. 
Savin-leaved  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Vic  of  Delhi,  Town  of  Delhi 

2045  N.  Hotchkiss  10  May  27- -CU 


-176- 


Lycopodium  selago  L. 
Fir  Clubmoss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Greene  County 

Haines  Falls,  Town  of  Hunter 

George  R.  Proctor  in  Rhodora  49:  53,  194?.  (Specimen  deposited  in  Phil.) 
Wildcat  Creek,  Haines  Falls,  Town  of  Hunter 
33972  S.  J.  Smith  et  al.  28  Jul  62--HYS 


"177~ 


Lycopodium  tristachyum  Pursh 
Ground- cedar 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Stamford,  Town  of  Stamford 

622  N.  Taylor  3" 10  Jul  09~"NY 
Arkville ,  Town  of  Middletown 
P.  Wilson  5  Jul  15--NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour,  lb:  87,  1924. 

Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4526  E.  Whitney  27  Jul  35""NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
662  Brooks  25  Jul  51--Brooks,  NYS ;  66l  Brooks  25  Jul  51__WYS  ; 

864  Brooks  26  Aug  51""'NYS 
4  1/2  mi  nw  by  n  of  Andes,  Town  of  Delhi 
KLB  obs  31  May  52 

Cleveland  Farm,  1  l/2  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
1672  Brooks  11  Jul  52--NYS 
Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 


-178- 


Lycopodium  tristachyum 

Trout  Pond  Trail,  4  mi  e  by  s  of  Corbett,  Town  of  Colchester 
KLB  obs  30  May  74 

Campone  Place,  1  mi  e  of  Vega,  Town  of  Roxbury 
KLB  obs  31  Jul  76 

2  mi  e  of  Meridale,  Town  of  Meredith 
KLB  obs  19  Sep  76 

Greene  County 

2  mi  e  of  Maplecrest,  Town  of  Windham 
12592  S.  J.  Smith  11  Oct  52--NYS 

Ulster  County 

Bull  Run,  vie  of  Denning,  Town  of  Denning 
3604  C.  J.  Elting  12  May  03""NYS 

Shandaken,  Town  of  Shandaken 
251  Miller  21  Aug  03--NYS 


-179- 


Selaginella  rupestris  (L.)  Spring 
Spike-moss 


Flora  of 

THE  CATSKILLS 
New  York  State 


Greene  County 

Catskill  Mt  House,  Otis  Summit,  Town  of  Hunter 
Ralph  H.  Smith  20  Aug  U7--NYS 


-I80- 


Isoetes  macrospora  Dur. 
Lake  Q.uillwort 


Flora  of 

THE  CATSKILLS 
New  York  State 


Lake  in  Catskills 

E.  Durand  in  19th  Rept.  Bd.  of  Regents,  1866. 


-181- 


Botrychium  dissectum  Spreng. 
Cut-leaved  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville,  Town  of  Middletown 

F.  Mulford  Jul  03__BKL;  H.  M.  Denslow  18  Aug  20--NYS  (var.  obliquum) 
Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27  (var.  obliquum) 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 

Yar.  obliquum:  840  Brooks  26  Aug  51~~HYS;  930  &  932  Brooks  22  Sep  51~~ 
NYS;  93^  Brooks  22  Sep  51- -Brooks;  936  &  937  Brooks  22  Sep  51--NYS; 
var.  dissectum:  931  Brooks  22  Sep  51““HYS;  935  Brooks  22  Sep  51“~NYS, 
Brooks 

1/2  mi  s  of  Davenport,  Town  of  Davenport 
KLB  obs  30  Sep  75 

Greene  County 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  [l89l]  (var.  obliquum)--NY 

(Continued  on  p.  18U) 


-182- 


Botrychium  lanceolatum  (Gmel.)  Rupr. 

ssp.  angustisegmentum  (Pease  &  Moore)  Clausen 
Lance-leaved  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Vic  of  N.  Franklin,  Town  of  Franklin 

G.  Cleveland  in  Fern  Bui.  16:  101-103,  1908. 

Stamford,  Town  of  Stamford 

5800  P.  Dowell  6  Jul  09- -NY,  NYS ,  BKL 
Arkville,  Town  of  Middletown 

F.  Mulford  Jul  03  &  l4  Jun  12- -BKL;  H.  M.  Denslow  8  Aug  20  &  l8  Aug  20 
— NYS 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
3086  Brooks  10  Jul  54--Brooks,  NYS;  2330  Brooks  29  May  53--Brooks 
(duplicate  to  Dr.  Mansfield) 

Greene  County 

Windham,  Town  of  Windham 

N.  Taylor  2  Aug  09--NY;  4594  H.  K.  Svenson  [25  Aug  31 ] “"BKL 


-I83- 


Botrychium  lanceolatum  ssp.  angustisegmentum 

N  slope  of  Hunter  Mt,  Town  of  Hunter 
U59U  H.  K.  Svenson  24  Aug  31--BKL 

Ulster  County 

Pine  Hill,  Town  of  Shandaken 
Peck  [n.d.]--NYS 
Shandaken,  Town  of  Shandaken 

M.  F.  Miller  21  Jul  1899 — PEM 
Belle  Ayre  Range,  Town  of  Shandaken 
F.  C.  Buckheister  Jul  04--0 
Wittenberg  Mt,  Town  of  Shandaken 
J.  M.  MacFarlane  27  Jul  07" “PEHN 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 
0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294-300,  1917. 
Panther  Mt,  Town  of  Shandaken 
H.  M.  Denslow  8  Jul  I9--NY 
Oliverea,  Town  of  Shandaken 
Daley  1  Aug  26—  NYS 
Slide  Mt,  Town  of  Shandaken 

451  0.  A.  Phelps  23  Jul  60— NYS 


Botrychium  dissectum  (continued  from  p.  182) 

4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52  (var.  obliquum) 

Ulster  County 

Bushnellsville,  Town  of  Shandaken 

Mary  F.  Miller  22  Aug  1898  (var.  obliquum)-- PEM:  M.  F.  Miller  6  Sep 
1898  (var.  dissectum) — PEM;  l6  M.  F.  Miller  2  Sep  03  (var.  obliquum) 

—ms 

Shandaken,  Town  of  Shandaken 

29  Miller  24  Aug  09  (vsr.  dissectum) — NYS 
Panther  Mt,  Town  of  Shandaken 

H.  M.  Denslow  7  Jul  19  (var.  obliquum)--NY 


-184- 


Botrychium  matricariaefolium  A.  Br. 

Matricary  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  Sta+e 


Griffins  Corners  [Fie  is  china  nns  ] ,  Town  of  Middletown 
J.  C.  Buchheister  in  Fern  Bui.  11:  15“l6,  1903  • 

Arkville,  Town  of  Middletown 

F.  Mulford  Jul  03--BKL;  H.  M.  Denslow  8,  27,  29  Jul  20--NYS 
Bald  Mt,  vie  of  Stamford,  Town  of  Stamford 
5786  P.  Dowell  5  Jul  09- "NY,  NYS 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Stamford,  Town  of  Stamford 

3445  E.  Whitney  9  Jun  33" ~NYS 
Vic  of  Hawley,  Town  of  Hamden 

4502  E.  Whitney  26  Jul  35“ -NYS 
S  of  Davenport,  Town  of  Davenport 
5036  E.  Whitney  17  Jun  36- -NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
2363  Brooks  30  May  53--Presented  to  Dr.  Mansfield;  3032  Brooks 
6  Jul  54- -NYS;  3085  Brooks  10  Jul  54- -Brooks,  NYS;  3087  Brooks 
10  Jul  54- -NYS 


-185- 


Botrychium  matricariaefolium 

1  mi  e  of  Kortright  Center,  Town  of  Kortright 
4369  Brooks  9  Jul  59--NYS 

Greene  County 

Tannersville ,  Town  of  Hunter 

C.  S.  Williamson  at  2500  ft  [n.d.] — 0 
Haines  Falls,  Town  of  Hunter 

E.  R.  Lippincott  Jul  31 — NYS 
Hunter  Mt,  Town  of  Hunter 

4593  H.  K.  Svens  on  24  Aug  31"BKL 
Windham  High  Peak,  Town  of  Windham 

H.  K.  Svenson  obs  25  Aug  31  in  Torreya  31:  154-157,  1931. 

Sullivan  County 

Ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 

Ulster  County 

Shandaken,  Town  of  Shandaken 

3  &  4  Mary  F.  Miller  30  Jul  01— NYS 
Belle  Ayre  Range,  Town  of  Shandaken 

F.  C.  Buckheister  Jun  04 — 0 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  13“ l4,  1927  (as  B. 
neglectum) . 

Willow,  Town  of  Woodstock 
H.  Dunbar  obs  Jun  60 
Brook  Trail,  Slide  Mt,  Town  of  Shandaken 
452  0.  A.  Phelps  23  Jul  60— NYS 


-186- 


Botrychium  raultifidum  (Gmel.)  Rupr. 

ssp.  multifidum 
Leathery  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Meridale,  Town  of  Meredith 

4459  E.  Whitney  26  Jul  35"-EYS 

Greene  County 

Big  Hollow  [Maplecrest ] ,  Town  of  Windham 
Barnhart  at  2000  ft  [n.d.]--NY 


-187- 


Botrychium  multifidum  (Gmel.)  Rupr. 
ssp.  silaifolium  (Presl)  Clausen 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville,  Town  of  Middletown 
H.  M.  Denslow  29  Jul  20--NYS 
Meridale,  Town  of  Meredith 

4459  E.  Whitney  26  Jul  35“-NYS 

Ulster  County 

Shandaken,  Town  of  Shandaken 

25  Mary  F.  Miller  21  Aug  03--NYS 


-188- 


Botrychium  x  oneidense  (Gilib.)  House 
(B.  multifidum  x  B.  dissectum) 
Oneida  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  Slate 


Arkville,  Town  of  Middletown 
E.  M.  Harvey- -NY 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
BW8-18  Brooks  19  Sep  71 

Greene  County 

Big  Hollow  [Maplecrest ] ,  Town  of  Windham 
24o6  Barnhart  [n.d.]--NY 

N  slope  of  Hunter  Mt,  Town  of  Hunter 
4599  H.  K.  Svenson  24  Aug  31"~BKL 

Windham  High  Peak,  Town  of  Windham 

H.  K.  Svenson  obs  25  Aug  31  in  Torreya  31:  154-157,  1931* 

Ulster  County 

Town  of  Shandaken 

H.  M.  Denslow  28  Aug  19“ “NY 


-189- 


Botrychium  simplex  E.  Hitchc. 
Dwarf  Grape  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Vic  of  N.  Franklin,  Town  of  Franklin 

G.  Cleveland  in  Fern  Bui.  16:  101-103,  1908. 

Upland  pasture,  Catskill  Mts 
J.  C.  Buchheister  Jun  09~~0 

Ulster  County 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  l4,  1927. 


-190- 


Botrychium  virginianum  (L.)  Sw. 
Rattlesnake  Fern 


Flora  of 

THF  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey- -NY;  F.  Mulford  Jul  03-“BKL 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Stamford,  Town  of  Stamford 

3444  E.  Whitney  9  Jun  33““NYS 
Gould  School,  Town  of  Hancock 
3501  E.  Whitney  12  Jun  33““NYS 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4511  E.  Whitney  27  Jul  55““NYS 
Vic  of  Youngs,  e  of  Sidney,  Town  of  Sidney 
5064  E.  Whitney  19  Jun  36--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
186  Brooks  27  May  51--NYS;  698  Brooks  26  Jul  51--NYS;  2325  Brooks 
29  May  53" “Brooks 


-191- 


Botrychium  virginianum 


2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
323  Brooks  25  Jun  51“”Brooks 
Hoff  Farm,  21/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Greene  County 

Hunter  Mt,  Town  of  Hunter 

H.  K.  Svenson  obs  24  Aug  31  in  Torreya  31:  154-157,  1931. 
Windham  High  Peak,  Town  of  Windham 

H.  K.  Svenson  obs  25  Aug  31  in  Torreya  31:  154-157,  1931. 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1~5,  191^* 

Sullivan  County 

S  side  of  Rondout  Reservoir,  Town  of  Neversink 
SJS  obs  20-22  Jun  56 
Vic  of  Obernburg,  Town  of  Fremont 
SJS  obs  7  Sep  56 

Ulster  County 

Shandaken,  Town  of  Shandaken 

32  Mary  F.  Miller  18  Jun  03~"NYS 
Highmount,  Town  of  Shandaken 

3437  E .  Whitney  10  Jun  33"NYS 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 


* 


-I92- 


Ophioglossum  vulgatum  L. 
Adder ' s- tongue 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  lH:  8'7,  1924. 

McMurdy  Hill  brook,  1  l/2  mi  n  of  S.  Kortright,  Town  of  Kortright 
1763  Brooks  &  Smith  19  Jul  52--Brooks,  NYS 

Sullivan  County 

S  of  Long  Pond,  vie  of  Neversink,  Town  of  Neversink 
3  G.  L.  Stebbins  Jr.  23  Jun  3^"-NYS 

Ulster  County 

Woodland  Valley,  b  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  lU,  1927. 


-193- 


Osmunda  cinnamomea  L. 
Cinnamon  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 

M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  1905" "NY 
Stamford,  Town  of  Stamford 

N.  Taylor  3" 10  Jul  09--NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

S  of  Davenport,  Town  of  Davenport 
5031  E.  Whitney  17  Jun  36--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harper sf ield,  Town  of  Kortright 
303  Brooks  24  Jun  51~NYS ;  667  Brooks  25  Jul  51--WYS;  3034  Brooks 
6  Jul  54-~Brooks 

5  mi  e  of  Delancey,  Town  of  Delhi 
KLB  obs  30  May  52 


-194- 


Osraunda  cinnamomea 


1  1/2  mi  n  of  Lordville,  Town  of  Hancock 

SJS  obs  18  Jun  54 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersf ield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 
Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  28  Jul  74 

Coulter  Brook,  2  mi  s  of  Bovina,  Town  of  Bovina 
KLB  obs  2  Jun  75 

Vic  of  Sidney  Center,  Town  of  Sidney 
KLB  obs  7  Sep  75 

2  mi  sw  of  Meridale,  Town  of  Meredith 

KLB  obs  21  May  76 
2  mi  nw  of  Hamden,  Town  of  Hamden 
KLB  obs  30  May  76 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot .  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  20  Jul  1891- -NY;  J.  K.  Small  in  Torr.  Club  Bui.  20:  466, 
1893- 

Windham,  Town  of  Windham 

971  N.  Taylor  at  1700  ft  28- 31  Jul  09" “NY 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 

S.  H.  Burnham  quoting  N.  Y.  State  Mus .  Rept.  26:  89,  1874  in  Am.  Fern 
Jour.  4:  1-5 ,  1914. 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 
Vic  of  Jewett,  Town  of  Jewett 
KLB  obs  14  Sep  75 

Sullivan  County 

Fir  Brook  Swamp,  ne  of  Willowemoc,  Town  of  Neversink 
SJS  obs  5  Oct  50 

E  side  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  7  Sep  56 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 
KLB  obs  21  Jun  75 

Vic  of  Loch  Sheldrake,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

(Continued  on  p.  205) 


-195- 


Osmunda  claytoniana  L. 
Interrupted  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 

M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  05“"NY;  519  N.  Taylor  3~4  Jun  09~"NY;  P.  Wilson 
3  Jul  15--NY 

Stamford,  Town  of  Stamford 

809  N.  Taylor  3" 10  Jul  09* "NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  14:  87,  1924. 

Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
656  Brooks  25  Jul  51~~NYS;  2743  Brooks  30  May  54-”Brooks 
1  1/2  mi  n  of  Lordville,  Town  of  Hancock 
SJS  obs  18  Jun  54 

E  of  Shinhopple,  Town  of  Colchester 
SJS  obs  10  Aug  59 


-196- 


Osmunda  claytoniana 

Hoff  Farm,  2  l/4  mi  rrw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

3  mi  s  of  Grand  Gorge ,  Town  of  Roxbury 

KLB  obs  19  Jun  73 
Vic  of  Meridale,  Town  of  Meredith 
KLB  obs  7  Jul  73 

Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  28  Jul  74 

Bush  Clove,  4  mi  se  of  Delancey,  Town  of  Hamden 
KLB  obs  l6  Aug  74 

Vic  of  Chamberlain  Brook,  Town  of  Tompkins 
KLB  obs  31  Aug  75 
Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Rathbone  Hill  Rd,  2  mi  sw  of  Davenport  Center,  Town  of  Davenport 
KLB,  Kathy  Emerson,  &  Phil  Caswell  obs  23  Aug  78 

Greene  County 

Haines  Falls,  Town  of  Hunter 

I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38_39?  1874;  E.  R.  Lippincott 
Jul  31--NYS 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  21  Jul  l891““HY;  J.  K.  Small  in  Torr.  Club  Bui.  20:  466, 
1893 

1/2  mi  n  of  Bushnellsville,  Town  of  Lexington 
SJS  obs  15  Jun  56 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

Vic  of  Beaches  Corners,  Town  of  Jewett 
KLB  obs  4  Jul  75 

2  mi  n  by  e  of  Ashland,  Town  of  Ashland 
KLB  obs  4  Jul  75 

2  mi  n  of  Windham,  Town  of  Windham 
KLB  obs  21  Jul  75 

Sullivan  County 

Krom  Hollow,  n  of  Liberty,  Town  of  Liberty 
4540  E.  Whitney  29  Jul  35--NYS 
Ne  of  Willowemoc,  Town  of  Neversink 
SJS  obs  15  Aug  52 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 

KLB  obs  21  Jun  75 

(Continued  on  p.  199) 


-197- 


Osmunda  regalis  L. 

var.  spectabilis  (Willd.)  Gray 
Royal  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Stamford,  Town  of  Stamford 
807  N.  Taylor  09" -NY,  RYS 

2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

4  1/2  mi  nw  by  n  of  Andes,  Town  of  Delhi 
KLB  obs  31  May  52 

E  of  Kilgour  Spur,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft  21  Jul  I89I--NY 


-198- 


Osmunda  regalis  var.  spectabilis 
Sullivan  County 

Fox  Mt,  vie  of  Liberty,  Town  of  Liberty 
932  E.  Whitney  31  May  30--NYS 
Fir  Brook  Swamp,  ne  of  Willowemoc,  Town  of  Never sink 
SJS  obs  5  Oct  50 

Ulster  County 

Phoenicia  valley,  Town  of  Shandaken 
J.  M.  MacFarlane  Jul-Aug  07--PENN 


Osmunda  clavtoniana  (continued  from  p.  197 ) 

Vic  of  Tennanah  L,  Town  of  Fremont 
KLB  obs  19  Jul  76 

Vic  of  Loch  Sheldrake,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

Phoenicia,  Town  of  Shandaken 

J.  M.  MacFarlane  Jul-Aug  07"“PENN 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

5  l/2  mi  se  of  Margaretville ,  Town  of  Hardenburgh 
KLB  obs  4  Sep  72 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 

Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 


-I99- 


Ly god i urn  p alma turn.  (Bernh.)  Sw. 
Climbing  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Greene  County 
Town  of  Hunter 

Torr.  Club  Bui.  5:  5  arid  5:  39?  1874;  N.  Y.  State  Mus.  Rept.  28:  84, 
1876;  B.  D.  Gilbert  quoting  Peck  in  Fern  Bui.  11:  97"105,  1903* 
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Adiantum  pedatum  L. 
Maidenhair  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  [l905]--NY;  P.  Wilson  b  Jul  15  &  23  Jul  15--NY 
Stamford  at  1800  ft,  Town  of  Stamford 
P.  Dowell  3-10  Jul  09- -NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour .  lU:  87,  192b. 

Downsville ,  Town  of  Colchester 
3513  E.  Whitney  27  Jun  35”-NYS 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
U521  E.  Whitney  27  Jul  35"~NYS 
W.  Kortright,  Town  of  Kortright 
504U  E.  Whitney  17  Jun  36--NYS 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
393  Brooks  27  Jun  51--NYS 
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Adiantum  pedatum 


Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
628  Brooks  24  Jul  51“ -Brooks,  NYS 
E  side  of  Point  Mt,  vie  of  Cadosia,  Town  of  Hancock 
SJS  obs  17  Jun  54 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Greene  County 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  18  Jul  1891  at  2100  ft- -NY;  J.  K.  Small  in  Torr.  Club 
Bui.  20:  U59,  1893. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1~5,  1914. 

2  mi  s  by  w  of  West  Kill,  Town  of  Lexington 
KLB  obs  27  May  75 

Sullivan  County 

Vic  of  L  Shandelee,  Town  of  Callicoon 
P.  Wilson  27  Aug  18— NY 
Ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 

Ulster  County 

Phoenicia,  Town  of  Shandaken 

J.  M.  MacFarlane  1  Aug  07--PENN 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
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Asplenium  platyneuron  (L.)  Oakes 
Ebony  Spleenwort 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Vic  of  Franklin,  Town  of  Franklin 

G.  Cleveland  in  Fern  Bui.  l6:  101-103,  1908. 

Arkville,  Town  of  Middletown 

H.  M.  Denslow  20  Aug  20--NYS 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Margaretville ,  Town  of  Middletown 
3515  E.  Whitney  12  Jun  33”NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
310  Brooks  24  Jun  51““Brooks 
Kilgour  Spur,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Wake  Robin,  vie  of  Roxbury,  Town  of  Roxbury 

Phil  Caswell  obs,  personal  communication  10  Dec  78 

(Continued  on  p.  205 ) 
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Asplenium  rhizophyllum  L. 
Walking  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville ,  Town  of  Middletown 

F.  Mulford  Jun  15--BKL;  H.  M.  Denslow  10  Jul  20--NYS 

Margaretville ,  Town  of  Middletown 

9387  Smith  et  al.  12  May  51-_NYS,  Brooks 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
U375  Brooks  11  Jul  59~_Brooks,  NYS 

Ulster  County 

Catskill  Mts 

Peck  Jul- -NYS 

Pantherkill,  vie  of  Phoenicia,  Town  of  Shandaken 
J.  F.  MacFarlane  [n.d.]--NYS 

Shandaken,  Town  of  Shandaken 

126  Mary  F.  Miller  7  Oct  02- -NYS 
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Asplenium  rhizophyllum 


Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.  H.  Graves  quoting  0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294- 
300,  1917. 

Lewis  Hollow,  Town  of  Woodstock 
M.  Domville  obs  [l2  Jul  70 ] 

Peekamoose  Rd,  Town  of  Olive 
M.  Domville  obs  1973 

Asplenium  platvneuron  (continued  from  p.  203) 

Greene  County 

Windham  High  Peak,  Town  of  Windham 

H.  K.  Svenson  obs  25  Aug  31  in  Torreya  31:  154-157,  1931* 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 
40254  S.  J.  Smith  &  Hammond  15  Jun  66--NYS 
Prattsville,  Town  of  Prattsville 
KLB  obs  19  Jun  73 

Ulster  County 

Bushnellsville ,  Town  of  Shandaken 
Mary  F.  Miller  28  Aug  I898--FENN 
Shandaken,  Town  of  Shandaken 

82  Mary  F.  Miller  30  Aug  01--NYS 
W.  Shokan,  Town  of  Olive 

Freda  Krom  22  Sep  27“~HYS 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

Osmunda  cinnamomea  (continued  from  p.  195) 

Ulster  County 

Shandaken,  Town  of  Shandaken 
Peck  [n.d.] — NYS 

Highmount  swamp,  Town  of  Shandaken 

J.  C.  Buckheister  in  Fern  Bui.  11:  15-16,  1903- 
South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
KLB  &  Mary  Domville  obs  26  Aug  72 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 

Rider  Hollow,  2  mi  e  of  Dry  Brook,  Town  of  Hardenburgh 
KLB  obs  7  Jun  75 
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Asplenium  trichomanes  L. 
Maidenhair  Spleenwort 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville,  Town  of  Middletown 

E.  N.  Harvey- -NY;  F.  Mulford  Jun  15--BKL 
Wilson  Hollow,  Town  of  Colchester 
1+531  E.  Whitney  27  Jul  35--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
9235  Smith  et  al.  12  May  51--NYS 
Margaretville ,  Town  of  Middletown 

Smith  &  Brooks  obs  12  May  51;  1+446  Brooks  9  May  59--Brooks 
W  side  of  Point  Mt,  vie  of  Cadosia,  Town  of  Hancock 
16531  Smith  17  Jun  53~"NYS 

Greene  County 

Edgewood,  Town  of  Hunter 

J.  M.  MacFarlane  at  1900  ft  [n.d.]--NY 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

(Continued  on  p.  211 ) 
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Athyrium  filix-femina  (L.)  Roth 
ssp.  angustum  (Willd.)  Clausen 
Lady  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Mt  Utasyantha,  1  l/2  mi  e  hy  s  of  Stamford,  Town  of  Stamford 
P.  Dowell  in  Am.  Fern  Jour.  1:  12-14,  1910. 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Gould  School,  Town  of  Hancock 
3503  E.  Whitney  12  Jun  33""NYS 
Robinson  L,  w  of  Delhi,  Town  of  Delhi 
4497  E.  Whitney  26  Jul  35~"NYS 
Vic  of  Youngs,  Town  of  Sidney 

5065  E  Whitney  19  Jun  36--NYS 
Vic  of  E.  Masonville,  Town  of  Masonville 
5099  E.  Whitney  19  Jun  36--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
453  Brooks  8  Jul  51" "Brooks;  536  Brooks  21  Jul  51""NYS 
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Athyrium  filix-femina  ssp.  angustum 


Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  l4  Jul  54 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersfield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

Dick  Mason  Rd,  2  mi  nw  of  Delhi,  Town  of  Delhi 
4975  Brooks  4  Jul  70--NYS 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
BW2-32  Brooks  4  Jul  66 
Gregorytown,  Town  of  Colchester 
KLB  obs  3  Jul  71 

Spring  Valley  Rd,  3  mi  se  of  Meridale,  Town  of  Meredith 
KLB  obs  7  Aug  71 
Delancey,  Town  of  Hamden 
KLB  obs  7  Aug  71 

Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  28  Jul  74 

Vic  of  Chamberlain  Brook,  Town  of  Tompkins 
KLB  obs  31  Aug  75 
Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

Vic  of  Sidney  Center,  Town  of  Sidney 
KLB  obs  7  Sep  75 

Greene  County 

Cat ski 11  Mts 

Peck  [n.d.]--NYS 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft  [l89l]~“NY;  J.  K.  Small  in  Torr.  Club  Bui.  20 

460,  1893. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

Mts  above  Palenville,  Town  of  Catskill 
H.  House  obs  10  Aug  28 
2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

4  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Sep  73 
2  mi  s  of  Jewett,  Town  of  Jewett 
KLB  obs  1  Jul  75 

Vic  of  E.  Ashland,  Town  of  Ashland 
KLB  obs  4  Jul  75 

Schoharie  County 


Vic  of  W.  Conesville,  Town  of  Conesville 
KLB  obs  1  Jul  75 
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Athyrium  filix-femina  ssp.  angustum 


Vic  of  S.  Gilboa ,  Town  of  Gilboa 
KLB  obs  22  Sep  75 

Sullivan  County 

Krom  Hollow,  n  of  Liberty,  Town  of  Liberty 
4548  E.  Whitney  29  Jul  35"-NYS 
Fir  Brook  Swamp,  ne  of  Willowemoc,  Town  of  Neversink 
SJS  obs  5  Oct  50 

Ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 

KLB  obs  3  Jun  ?4 

2  mi  n  of  N.  Branch,  Town  of  Callicoon 

KLB  obs  21  Jun  75 

3  mi  n  of  Woodbourne,  Town  of  Fallsburg 

KLB  obs  2  Aug  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Mary  F.  Miller  23  Ju n  1899,  19  Sep  1899,  3  Aug  02--NYS;  117  M.  F. 
Miller  27  Jul  03--NYS 
Bushnellsville ,  Town  of  Shandaken 

110  M.  F.  Miller  15  Jun  1900--NYS;  107  M.  F.  Miller  12  Aug  03--NYS 
Big  Indian,  Town  of  Shandaken 

96,  97,  99,  102,  109,  113,  122  M.  F.  Miller  27  Jul  03--NYS 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

E.  J.  Alexander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 

Watson  Hollow,  Town  of  Denning 

26112  S.  J.  Smith  et  al.  5  Sep  58--NYS 
South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Silver  Hollow  Rd,  vie  of  Willow,  Town  of  Woodstock 
1065  M.  Domville  1  Jul  71- “Domville 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
1  mi  ne  of  Dry  Brook,  Town  of  Hardenburgh 
KLB  obs  1  Jun  75 
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Athyrium  pycnocarpon  (Spreng.)  TicLestr. 
Narrow- leaved  Spleenwort 


Flora  of 

THE  CATSKILLS 
New  York  Slate 


Delaware  County 

Arkville,  Town  of  Middletown 
P.  Wilson  9  Jul  15--BKL 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour,  lb:  87,  1924. 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 

442  Brooks  8  Jul  51“ -Brooks,  NYS ;  627  Brooks  24  Jul  51" -Brooks,  NYS 
Mt  Utsayantha ,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Greene  County 

West  Kill  Clove,  Town  of  Lexington 
E.  R.  Lippincott  Jul  33" “NYS 

Sullivan  County 

Vic  of  Willowemoc,  Town  of  Neversink 
P.  Van  Gieson  Aug  73“"NYS 

-210- 


Athyrium  pycnocarpon 
Ulster  County 

Phoenicia,  Town  of  Shandaken 
C.  N.  Arnold  [n.d.]--NYS 


Asnlenium  trichomanes  (continued  from  p.  206) 

Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 

S.  H.  Burnham  quoting  N.  Y.  State  Mus.  Rept.  26:  89,  1874  in  Am.  Fern 
Jour.  4:  1-5,  1914;  SJS  obs  15  Jun  56 
W  of  Palenville,  Town  of  Catskill 
9500  S.  J.  Smith  19  May  51— NYS 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Mary  F.  Miller  18  Sep  I898--FENN 
Headwaters  of  Rondout  Creek,  Town  of  Denning 
28846  S.  J.  Smith  12  Sep  59““ NYS 
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Athyrium  thelypteroid.es  (Michx.)  Desv. 
Silvery  Spleenwort 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  Jul  05“ "NY,  PEHN;  F.  Mulford  Jul  03--BKL 
Mt  Utsayantha  at  3200  ft,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
700  N.  Taylor  3" 10  Jul  09--NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Hubbels  Cove,  Town  of  Roxbury 
955  E.  Whitney  2  Jun  30--NYS 
Roxbury,  Town  of  Roxbury 

3453  E.  Whitney  9  Jun  33~-NYS 
Robinson  L,  w  of  Delhi,  Town  of  Delhi 
4499  E.  Whitney  26  Jul  35--NYS 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4518  E.  Whitney  27  Jul  35~“HYS 
Masonville,  Town  of  Masonville 
5116  E.  Whitney  19  Jun  36--NYS 
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Athyrium  thelypteroid.es 


Vic  of  Youngs,  Town  of  Sidney 

5074  E.  Whitney  19  Jun  36__NYS 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
389  Brooks  27  Jun  51--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
44l  Brooks  8  Jul  "Brooks,  NYS 
Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Greene  County 

Catskill  Mts 

Peck  [n.d.]-~NYS;  A.  Brown  at  2400  ft  [n.d.]--NYS 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

Peck  1870  (Notes  2:  236);  S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5, 
1914;  SJS  obs  21  Jul  62 
East  Kill,  Valley  L,  Town  of  Jewett 
Anna  M.  Vail  [l89l]--NY 
Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft  [l89l]--NY;  J.  K.  Small  in  Torr.  Club  Bui. 

20:  459,  1893. 

Haines  Falls,  Town  of  Hunter 
E.  R.  Lippincott  Jul  31““NYS 
Deep  Notch,  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 

Sullivan  County 

ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Mary  F.  Miller  24  Sep  1899“ "PENN 
Phoenicia,  Town  of  Shandaken 

J.  M.  MacFarlane  15  Aug  07““NYS 
Highmount,  Town  of  Shandaken 

3463  E.  Whitney  10  Jun  33““NYS 
Watson  Hollow,  Town  of  Denning 
SJS  obs  15  Aug  57 

Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
2048  M.  Domville  8  Sep  73“”Domville 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 
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Cheilanthes  lanosa  (Michx.)  D.  C.  Eat. 
Woolly  Lip- fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Ulster  County 


Lewis  Hollow,  Town  of  Woodstock 

706  M.  Domville  12  Jul  70--Domville 
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Flora  of 

THE  CATSKILLS 
New  York  Skate 


Cryptogramma  stelleri  (S.  G.  Gmel.)  Prantl 
Slender  Cliff  Brake 


Delaware  County 

Arkville,  Town  of  Middletown 

F.  A.  Mulford  Jul  03,  12  Jun  12  &  4  Jun  15--BKL;  E.  N.  Harvey  [05]--NY; 
P.  Wilson  15  Jul  15--BKL;  H.  M.  Denslow  10  Jul  20--NYS 

Greene  County 

West  Kill  Notch,  Town  of  Lexington 

Mrs.  I.  M.  Haring  at  1901  ft  [n.d.]--NY 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Haines  Falls,  Town  of  Hunter 

H.  Wheeler  [n.d. ] — 0;  Mrs.  Mary  L.  Stevens  Jun  l894-~Gray;  Peck  in 
Fern  Bui.  12:  102,  1903;  G.  R.  Proctor  in  Rhodora  49:  53“54,  194-7 
(specimen  deposited  in  Phil);  34981  S.  J.  Smith  et  al.  24  Jul  65~~NYS 

(Continued  on  p.  229) 


-215- 


Flora  of 

THE  CATSKILLS 
New  York  State 


Cystopteris  bulbifera  (L.)  Bernh. 
Bulblet  Bladder- fern 


Delaware  County 

Vic  of  N.  Franklin,  Town  of  Franklin 

G.  Cleveland  in  Fern  Bui.  16:  101-103,  1908. 

Watauga  Falls,  2  mi  n  by  e  of  Delhi,  Town  of  Delhi 
3093  Brooks  11  Jul  5^~-Brooks,  NYS 

Margaretville,  Town  of  Middletown 
3622  Brooks  30  May  55"_Brooks 

Greene  County 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

Peck  1870  (notes  2:  236);  S.  H.  Burnham  in  Am.  Fern  Jour.  4 :  1-5,  191^-. 

Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
115^2  E.  P.  Bicknell  lb  Jun  1880 — NYS 

Between  Hunter  &  Phoenicia,  Town  of  Hunter 
5183  H.  K.  Svenson  23  Jul  32--BKL 

(Continued  on  p.  229) 
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Cystopteris  fragilis  (L.)  Bernh. 

var.  Mackayii  Lawson 
Upland  Fragile  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville,  Town  of  Middletown 
F.  Mulford  Jul  03--BKL 
Stamford,  Town  of  Stamford 

P.  Dowell  in  Am.  Fern  Jour.  1:  12-14,  1910. 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 
Hubbels  Cove,  Town  of  Roxbury 
958  E.  Whitney  30  May  29~~NYS 
Grand  Gorge,  Town  of  Roxbury 
3*4-47  E.  Whitney  9  Jun  33--EYS 
Downsville,  Town  of  Colchester 
3514  E.  Whitney  12  Jun  33~-EYS 
Riverdale,  Town  of  Delhi 

4452  E.  Whitney  25  Jul  35--NYS 
Vic  of  Youngs,  Town  of  Sidney 
5075  E.  Whitney  19  Jun  36  -NYS 


-217- 


Cystopteris  fragilis  var.  mackayii 

Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
328  Brooks  25  Jun  51”“Brooks 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
520  Brooks  21  Jul  51 — NYS;  2741  Brooks  30  May  54 — Brooks 
Point  Mt,  vie  of  Cadosia,  Town  of  Hancock 
SJS  obs  18  Jun  54 

Watauga  Falls,  2  mi  n  by  e  of  Delhi,  Town  of  Delhi 
3094  Brooks  11  Jul  54- -NYS 
Delhi,  Town  of  Delhi 

4558  Brooks  5  Sep  59~ NYS 

3/4  mi  s  by  w  of  Davenport  Center,  Town  of  Davenport 
KLB  obs  5  Sep  78 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 

I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Haines  Falls,  Town  of  Hunter 

L.  H.  Lighthipe  26  Aug  1892  at  2000  ft — BKL;  E.  K.  Lippincott  Jul  31 — NYS 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914;  SJS  obs  21  Jun  62 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 
Prattsville,  Town  of  Prattsville 
KLB  obs  4  Jul  75 

Sullivan  County 

Beaverkill  Campsite,  Town  of  Rockland 
6736  S.  J.  Smith  15  Jun  50—NYS 
2  1/2  mi  s  of  Claryville,  Town  of  Neversink 
KLB  obs  10  Jun  75 

Ulster  County 

Vic  of  Shandaken,  Town  of  Shandaken 
213  Mary  F.  Miller  5  Jul  03 — NYS 
Vic  of  Phoenicia,  Town  of  Shandaken 

J.  M.  MacFarlane  Jul-Aug  07 — PENN 
Vic  of  Oliverea,  Town  of  Shandaken 

N.  Taylor  6-9  Sep  18  at  2000-2500  ft— BKL 
Vic  of  Slide  Mt,  Town  of  Shandaken 

.  S.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  14,  1927. 

Headwaters  of  Rondout  Creek,  Town  of  Denning 
SJS  obs  5  Sep  58 
Lewis  Hollow,  Town  of  Woodstock 

M.  Domville  obs  3  Jul  69 


-218- 


Flora  of 

THE  CATSKILLS 
New  York  Slate 


Cystopteris  x  tennesseensis  Shaver 
(C.  fragilis  x  C.  bulbifera) 
Tennessee  Bladder  Fern 


Greene  County 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 
SJS  obs  1  Sep  72 


-219- 


Dennataedtia  punctilobula  (Michx.)  Moore 
Hay-scented  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Franklin,  Town  of  Franklin 
M.  Platt,  18U0 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  lU:  87,  192b. 

Gould  School,  Town  of  Hancock 

3U98  E.  Whitney  12  Jun  33"NYS 
2  mi  s  of  Grand  Gorge ,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
5^7  Brooks  21  Jul  51“”Brooks 
5  mi  e  of  Delancey,  Town  of  Delhi 
KLB  obs  30  May  52 

Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Hoff  Farm,  2  l/b  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  lb  Jul  5^ 

Margaretville ,  Town  of  Middletown 
KLB  obs  30  May  55 


-220- 


Dennstaedtia  punctilobula 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersfield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

Coe  Hill  Rd,  4  mi  sw  of  Davenport,  Town  of  Davenport 
KLB  obs  7  Aug  71 

Spring  Valley  Rd,  3  mi  se  of  Meridale,  Town  of  Meredith 
KLB  obs  7  Aug  71 

Feak  Hollow  Rd,  4  mi  nw  of  Hamden,  Town  of  Hamden 
KLB  obs  19  Aug  72 

6  mi  e  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Vic  of  Apex,  Town  of  Tompkins 
KLB  obs  8  Jul  73 

Vic  of  Beerston,  Town  of  Walton 
KLB  obs  8  Jul  73 

Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

3  mi  nw  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Vic  of  Sidney  Center,  Town  of  Sidney 
KLB  obs  7  Sep  75 


Greene  County 


Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J.  K.  Small  in  Torr.  Club  Bui.  20: 

466,  1893. 


Windham,  Town  of  Windham 
1040  N.  Taylor  09"“HYS 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

Haines  Falls,  Town  of  Hunter 

E.  R.  Lippincott  Jul  30--NYS;  R.  H.  Torrey  obs  in  Torreya  30:  24-25,  1930. 
1/2  mi  n  of  Bushnellsville ,  Town  of  Lexington 
SJS  obs  15  Jun  56 

3  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  31  May  75 

Vic  of  Beaches  Corners,  Town  of  Jewett 
KLB  obs  4  Jul  75 


Vic  of  E.  Ashland,  Town  of  Ashland 
KLB  obs  4  Jul  75 


Schoharie  County 

Vic  of  W.  Conesville,  Town  of  Conesville 
KLB  obs  14  Sep  75 
Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 
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DennstaecLtia  punctilobula 


Sullivan  County 

Vic  of  Willowemoc,  Town  of  Neversink 
SJS  obs  15  Aug  52 

Between  Jeffersonville  &  N.  Branch,  Town  of  Callicoon 
SJS  obs  20-22  J un  56 

4  mi  ne  of  Long  Eddy,  Town  of  Fremont 

SJS  obs  7  Sep  56 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74  ’ 

3  mi  n  of  Woodbourne,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 
Vic  of  Liberty,  Town  of  Liberty 
KLB  obs  2  Aug  76 

Ulster  County 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

Sarah  L.  Zabriskie  1888--BKL;  0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17: 
294-300,  1917. 

Shandaken,  Town  of  Shandaken 

M.  F.  Miller  20  Jul  I898--PEM,  BKL;  216  Mary  F.  Miller  21  Jul  I899--NYS 
Summit  of  Slide  Mt,  Town  of  Shandaken 
18  N.  Taylor  5  Sep  l8  at  4220  ft- -BKL 
South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

5  1/2  mi  se  of  Margaretville ,  Town  of  Hardenburgh 

KLB  obs  4  Sep  72 

Friedberg  Place,  1  mi  sw  of  Boiceville ,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  l8  Jul  73 
Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 
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Dryopteris  x  boottii  (Tuckerm.)  Underw . 

(D.  cristata  x  D.  spinulosa) 

Boott's  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Ouleout  Valley,  s  of  Oneonta,  Town  of  Franklin 
G.  Cleveland  in  Fern  Bui.  l6:  101-103,  1908. 

Vic  of  Stamford,  Town  of  Stamford 

757  N.  Taylor  09--NYS;  576Q  P.  Dowell  U  Jul  09  and  5819  P.  Dowell  7  Jul 
09~“BKL  (also  reported  in  Am.  Fern  Jour.  1:  12- 1^,  1910.) 

3  mi  se  of  Doonan's  Corners,  Town  of  Kortright 
15^+7  Brooks  lU  Jun  52- -Brooks,  NYS 

Sullivan  County 

Fir  Brook  Swamp,  vie  of  Willowemoc,  Town  of  Neversink 
8256  S.  J.  Smith  10  May  50--NYS 


(Continued  on  p.  226) 


Dryopteris  clintoniana  (D.  C.  Eat.)  Dowell 
Clinton's  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Vic  of  Stamford,  Town  of  Stamford 

5772  P.  Dowell  5  Jul  OQ  &  5820  P.  Dowell  7  Jul  09--BKL  (also  reported 
in  Am.  Fern  Jour.  1:  12- lU,  1910.) 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 
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Dryopteris  cristata  (L.)  Gray 
Crested  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Stamford,  Town  of  Stamford 

5768b  &  5816  P.  Dowell  7  Jul  09--NYS 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  lU:  87,  1924. 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
449  Brooks  8  Jul  51“"Brooks,  NYS ;  3033  Brooks  6  Jul  54--NYS 
3  mi  se  of  Doonan's  Corners,  Town  of  Kortright 
1548  Brooks  14  Jun  52- “NYS 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
KLB  obs  9  Jul  72 

Vic  of  Emmons  Pond,  Town  of  Davenport 
KLB  obs  l4  Jul  74 

1  1/2  mi  s  of  Stratton  Falls,  Town  of  Roxbury 
KLB  obs  29  May  75 


-225“ 


Dryopteris  cristata 


Coulter  Brook,  2  mi  s  of  Bovina,  Town  of  Bovina 
KLB  obs  2  Jun  75 

Greene  County 

4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52 

Sullivan  County 

Fir  Brook  Swamp,  vie  of  Willowemoc,  Town  of  Neversink 
8257  S.  J.  Smith  10  May  50--NYS 

Ulster  County 

Shandaken,  Town  of  Shandaken 

168  Mary  F.  Miller  8  Aug  03--NYS 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
894  M.  Domville  19  Sep  70- -Domville 

Nedwidek  Place,  4  mi  sw  of  Winnisook,  Town  of  Denning 
KLB  obs  25  Jun  75 


Dryopteris  x  boottii  (continued  from  p.  223) 

Shandaken,  Town  of  Shandaken 

196  Mary  F,  Miller  19  Jul  02--NYS 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  l4,  1927. 
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Dryopteris  fragrans  (L.)  Schott 
Fragrant  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Greene  County 

Haines  Falls,  Town  of  Hunter 

E.  M.  Shields  in  Am.  Fern  Jour.  33:  57~59j  1943;  G.  R.  Proctor  in 
Rhodora  49:  53~54,  1947  (specimen  deposited  in  Phil.). 

Hillyer  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
SJS  and  Phelps  obs  27  May  65 


-227- 


Dryopteris  goldiana  (Hook.)  Gray 
Goldie's  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Griffins  Corners  [Fleischmanns ] ,  Town  of  Middletown 
J.  C.  Buchheister  in  Fern  Bui.  11:  15" l6,  1903* 

Vic  of  N.  Franklin,  Town  of  Franklin 

G.  Cleveland  in  Fern  Bui.  l6:  101-103,  1908. 

Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 

P.  Dowell  in  Am.  Fern  Jour.  1:  12- lU,  1910;  36726  Smith  et  al.  10 
Sep  69--WYS 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Cameron  Ferm,  6  mi  nw  of  Andes,  Town  of  Delhi 
329  Brooks  25  Jun  51" "NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 

440  Brooks  8  Jul  51" -Brooks,  NYS;  697  Brooks  26  Jul  51" "Brooks,  NYS 
Vic  of  Emmons  Pond,  Town  of  Davenport 
KLB  obs  14  Jul  74 


-228- 


Dryopteris  goldiana 


Greene  County 

Vic  of  Deep  Notch  &  Buck  Creek,  Town  of  Lexington 
11473  E.  P.  Bicknell  l4  Jun  1880--NYS 

1  mi  s  of  West  Kill,  Town  of  Lexington 
6011  Brooks  13  Jun  74--NYS 

Sullivan  County 

Vic  of  Willowemoc,  Town  of  Neversink 
A.  P.  Van  Gieson  Aug  l873"~NYS 

Ulster  County 

Vic  of  Big  Indian,  Town  of  Shandaken 
11465  E.  P.  Bicknell  Jun  [l88o]--NYS 

Phoenicia,  Town  of  Shandaken 
C.  N.  Arnold  Jul  1881--NYS 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 
0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294- 300,  1917. 

Mink  Hollow,  Town  of  Woodstock 
H.  Dunbar  obs  [n.d.] 


Cvstopteris  bulbifera  (continued  from  p.  216) 

Ulster  County 

Shandaken,  Town  of  Shandaken 
M.  F.  Miller  20  Aug  02--BKL 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

A.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  13“ l4,  1927. 


Cryptogramma  stelleri  (continued  from  p.  215) 


Plattekill  Clove  [Platt  Cove],  Town  of  Hunter 
Beach  in  Bui.  N.  Y.  State  Mus .  150:  39j  1912. 


Dryopteris  marginalis  (L.)  Gray 
Marginal  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Near  W.  Kortright,  Town  of  Kortright 
5045  E.  Whitney  17  Jun  36--NYS 
Youngs,  Town  of  Sidney 

5068  &  5071  E .  Whitney  19  Jun  36  -NYS 
2  mi  s  of  Grand  Gorge ,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
315  Brooks  24  Jun  51~~Brooks,  NYS;  701  Brooks  26  Jul  51“~Brooks , 
NYS;  4565  Brooks  6  Sep  59~“Brooks,  NYS  (f.  elegans ) 

Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
390  Brooks  27  Jun  51“ "NYS 
Point  Mt,  vie  of  Cadosia,  Town  of  Hancock 
SJS  obs  17  Jun  54 


-230- 


Dryopteris  margins lis 


Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Davenport  Center,  Town  of  Davenport 
Smith  &  Brooks  obs  7  Aug  54 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersfield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 
Delhi,  Town  of  Delhi 

4565  Brooks  6  Sep  59" 'Brooks ,  NYS  (f.  elegans ) 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
BW2-31  Brooks  4  Jul  66;  BW4-06A  Brooks  26  Aug  68 
Gregorytown,  Town  of  Colchester 
KLB  obs  3  Jul  71 
Delancey,  Town  of  Hamden 
KLB  obs  7  Aug  71 

1  1/2  mi  se  of  Walton,  Town  of  Walton 

KLB  obs  28  Jul  74 

2  mi  s  of  E.  Meredith,  Town  of  Meredith 

KLB  obs  1  Aug  75 


Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J.  K.  Small  in  Torr.  Club  Bui.  20 

463,  1893. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

Haines  Falls,  Town  of  Hunter 
E.  R.  Lippincott  1930-31— NYS 
4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52 

Elka  Mt,  vie  of  Tannersville ,  Town  of  Hunter 
22737  S.  J.  Smith  &  Ellett  19  Jun  57"NYS 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  &  Miller  obs  12  Aug  6l 
Prattsville,  Town  of  Prattsville 
KLB  obs  19  Jun  73 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

Vic  of  Beaches  Corners,  Town  of  Jewett 
KLB  obs  4  Jul  75 


Schoharie  County 


Vic  of  Manorkill,  Town  of  Conesville 
KLB  obs  1  Jul  75 


-231- 


Dryopteris  marginalis 


Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 

Sullivan  County 

Dalilia  School,  nw  of  Liberty,  Town  of  Liberty 
4647  E.  Whitney  31  Jul  35~-NYS 

S  side  of  Rondout  Reservoir,  Town  of  Neversink 
SJS  obs  22  Jun  56 

Vic  of  Obernburg,  Town  of  Fremont 
SJS  obs  7-8  Sep  56 

Beaverkill  Campsite,  Town  of  Rockland 
KLB  obs  3  Jun  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 
KLB  obs  21  Jun  75 

Ulster  County 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

E.  J.  Alexander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 

Headwaters  of  Rondout  Creek,  Town  of  Denning 
SJS  obs  5  Sep  58 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
880  M.  Domville  12  Sep  70- -Domville 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  5  Jun  74 

1  mi  ne  of  Dry  Brook,  Town  of  Hardenburgh 
KLB  obs  1  Jun  75 


-232“ 


Dryopteris  spinulosa  (0.  F.  Muell.)  Watt 
ssp.  dilatata  (Hoffm. )  Piper 
Mountain  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Summit  of  Mt  Utsayantha.  1  ]/?  mi  e  by  s  of  Stamford,  Town  of  Stamford 
5801  P.  Dowell* 6  Jul' 09  at  32lU  ft- “NY,  NYS,  BKL;  2978  Brooks  3  Jul  59 
--Brooks,  NYS 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
5092  Brooks  9  Jul  72  in  wooded  swamp  at  1900  ft- -NYS 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1879. 

Hunter,  Town  of  Hunter 

N.  L.  Britton  30  Jul  1898  &  1  Aug  I898--NY 

Near  summit  of  Hunter  Mt,  Town  of  Hunter 

9605  H.  K.  Svenson  29  Aug  31“ “BKL  (also  reported  in  Torreya  31-  15^“ 
157,  1931.) 


"233“ 


Dryopteris  spinulosa  ssp.  dilatata 


Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

Ulster  County 

Catskill  Mts  of  Ulster  County 
Peck  [n.d.]--NYS 
Dry  Brook  Mt,  Town  of  Shandaken 

F.  C.  Buchheister  Aug  Ob  at  3500  ft-~BKL 
Slide  Mt,  Town  of  Shandaken 

6707  M.  S.  Baxter  6  Aug  26--NYS,  Baxter 
Peekamoose,  Town  of  Denning 

2033  M.  Domville  10  Jul  73“~Domville 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  75 


-23L- 


Dryopteris  spinulosa  (0.  F.  Muell.)  Watt 
ssp.  intermedia  (Muhl.)  Stone 
Evergreen  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Arkville,  Town  of  Middletown 
F.  Mulford  Jul  03--BKL 
Vic  of  Stamford,  Town  of  Stamford 

5822  P.  Dowell  7  Jul  09~-BKL  (also  reported  in  Am.  Fern  Jour.  1:  12- 
14,  1910) ;  4424  E.  Whitney  25  Jul  35~~NYS 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Roxbury,  Town  of  Roxbury 

3449  E.  Whitney  9  Jun  33“-NYS 
Gould  School,  Town  of  Hancock 

3491  E.  Whitney  12  Jun  33"-NYS 
Hotaling  Hollow,  Town  of  Delhi 
4467  E.  Whitney  26  Jul  35--NYS 
Robinson  L,  vie  of  Delhi,  Town  of  Delhi 
4498  E.  Whitney  26  Jul  35--NYS 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4523  E.  Whitney  27  Jul  35~-NYS 


-235- 


Dryopteris  spinulosa  ssp.  intermedia 


Walton,  Town  of  Walton 

4525  E.  Whitney  27  Jul  35"NYS 
Vic  of  Youngs,  Town  of  Sidney 

5070  &  5072  E.  Whitney  19  Jun  36--NYS 
Bullet  Hollow  Rd,  5  mi  nw  of  Andes,  Town  of  Delhi 

377  Brooks  26  Ju n  51--NYS;  3107  Brooks  13  Jul  5k- -MS 
Cameron  Farm,  6  mi  nw  of  Andes,  Town  of  Delhi 
388  Brooks  26  Jun  51--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
296  Brooks  2k  Jun  51--NYS;  540  Brooks  21  Jul  51“"Brooks,  NYS;  452 
Brooks  8  Jul  51— NYS;  699  Brooks  26  Jul  51" "NYS;  700  Brooks  26  Jul 
51— NYS 

Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

6  mi  e  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Vic  of  Emmons  Pond,  Town  of  Davenport 
KLB  obs  14  Jul  74 

Basin  Clove  Rd,  1  l/2  mi  s  by  e  of  Delancey,  Town  of  Hamden 
KLB  obs  11  May  75 
E.  Meredith,  Town  of  Meredith 
KLB  obs  1  Aug  75 

Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

3  mi  nw  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Greene  County 

Onteora,  Town  of  Hunter 

Anna  M.  Vail,  reported  by  J.  K.  Small  in  Torr.  Club  Bui.  20:  463,  1893- 
N  slope  of  Hunter  Mt,  Town  of  Hunter 

4601  H.  K.  Svenson  24  Aug  31  at  2500  ft— BKL 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  &  Miller  obs  12  Aug  6l 
Prattsville,  Town  of  Prattsville 
KLB  obs  19  Jun  73 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 
Vic  of  Jewett,  Town  of  Jewett 
KLB  obs  8  Jun  76 

Sullivan  County 

W  branch  of  Neversink,  Town  of  Neversink 
11458  E.  P.  Bicknell  l6  Jun  1881--NYS 
Vic  of  Liberty,  Town  of  Liberty 
46l8  E.  Whitney  30  Jul  35“~NYS 
Ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 


-236" 


Dryopteris  spinulosa  ssp.  intermedia 

Beaverkill  Campsite,  Town  of  Rockland 
KLB  obs  3  Jun  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 
KLB  obs  21  Jun  75 

3  mi  n  of  Woodbourne,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

192  Mary  F.  Miller  21  Jul  1900--HYS;  l8  Mary  F.  Miller  27  Aug  03  & 
8  Sep  03--BKL 

Summit  of  Slide  Mt,  Town  of  Shandaken 
15  N.  Taylor  5  Sep  18  at  4220  ft--BKL 
South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Peekamoose,  Town  of  Denning 

2032  M.  Domville  10  Jul  73“ “Domville 
Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
2044  M.  Domville  23  Aug  73--Domville 
Vic  of  Hardenburgh,  Town  of  Hardenburgh 
KLB  obs  14  May  74 
Vic  of  Boiceville,  Town  of  Olive 
KLB  obs  23  Jul  74 


-237“ 


Dryopteris  spinulosa  (0.  F.  Muell.)  Watt 
ssp.  spinulosa 
Spinulose  Wood  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Stamford,  Town  of  Stamford 

5822  P.  Dowell  9  Jul  09--NYS 
S  of  Davenport,  Town  of  Davenport 
5032  E.  Whitney  17  Jun  36--NYS 
W  of  Kortright,  Town  of  Kortright 
5041  E.  Whitney  17  Jun  36--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
666  Brooks  25  Jul  51“~Brooks,  NYS ;  296  Brooks  24  Jun  51~“NYS 
1/2  mi  w  by  s  of  W.  Harpersfield,  Town  of  Kortright 
4102  Brooks  9  Jun  56 

Cold  Spring  Hollow,  3  1/2  mi  s  by  e  of  Margaretville ,  Town  of  Middletown 
KLBobs  28  Jul  73 

1  mi  e  of  Tompkins  Falls,  Town  of  Andes 
KLB  obs  13  Jul  74 


-238- 


Dryopteris  spinulosa  Ssp.  spinulosa 

Vic  of  Russ  Gray  Pond,  Town  of  Walton 
KLB  obs  29  Jun  75 

Vic  of  Silver  Lake,  Town  of  Deposit 
KLB  obs  31  Aug  75 

Mormon  Hollow  Rd,  3  mi  w  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

5  mi  ne  of  Butternut  Grove,  Town  of  Colchester 
KLB  obs  15  Jun  76 

Storey  Farm,  6  mi  se  of  Franklin,  Town  of  Franklin 
6219  Brooks  20  Jun  76--NYS 

Greene  County 

Catskill  Mt  House,  Otis  Summit,  Town  of  Hunter 
Mrs.  Chas .  Beach  [n .d. ]  —  St .  Lawrence 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38- 39,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J,  K.  Small  in  Torr.  Club  Bui. 

20:  463,  1893. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52 

3  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Jun  74 

Elk  Creek  Rd,  2  mi  ne  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  18  Jun  75 

Schoharie  County 

S.  Gilboa  Station,  Town  of  Gilboa 
5833  P.  Dowell  9  Jul  09--FYS 

Sullivan  County 

Dalilia  School,  nw  of  Liberty,  Town  of  Liberty 
4651  E.  Whitney  31  Jul  35““NYS 
Fir  Brook  Swamp,  ne  of  Willowemoc ,  Town  of  Neversink 
8254  S.  J.  Smith  5  Oct  50--NYS 
1  1/2  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  15  Jun  76 

3  mi  s  by  w  of  Livingston  Manor,  Town  of  Callicoon 
KLB  obs  15  Jun  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

l8l  Mary  F.  Miller  9  Sep  03__NYS 
W  branch  of  Neversink,  Town  of  Denning 
11458  E.  P.  Bicknell  l6  Jun  l88l--NYS 


-239- 


Dryopteris  spinulosa  ssp.  spinulosa 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294-300,  1917;  E. 
ander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 

Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
KLB  &  Mary  Domville  obs  26  Aug  72 
Vic  of  Bell  Ayre  Village,  Town  of  Hardenburgh 
KLB  obs  8  Jul  75 


J.  Alex- 


< 


-240- 


Gymnocarpium  dryopteris  (L. )  Newm.  Flora  of 

Oak  Fern  THE  CATSKILLS 

New  York  State 


Delaware  County 

Arkville ,  Town  of  Middletown 
E.  N,  Harvey  [1905]” "NY 
N  of  Stamford,  Town  of  Stamford 
5763  P.  Dowell  [9  Jul  09]-“BKL 
Stamford,  Town  of  Stamford 

P.  Dowell  in  Am.  Fern  Jour.  1:  12-14,  1910. 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 
Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
Hubbels  Cove,  Town  of  Roxbury 
962  E.  Whitney  2  Jun  30--NYS 
Gould  School,  Town  of  Hancock 
3502  E.  Whitney  12  Jun  33'~NYS 
Se  of  Stamford,  Town  of  Harpersfield 
4425  E.  Whitney  27  Jul  35~~NYS 


-241- 


Gymnocarpium  dryopteris 


Colchester,  Town  of  Walton 

4532  E.  Whitney  27  Jul  35""NYS 
E.  Masonville,  Town  of  Masonville 
5104  E.  Whitney  19  Jun  36--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
293  Brooks  24  Jun  51__NYS;  376  Brooks  26  Jun  51-_Brooks,  NYS  ; 

2742  Brooks  30  May  54- -Brooks 
Bullet  Hollow  Rd,  5  mi  nw  of  Andes,  Town  of  Delhi 
376  Brooks  26  Jun  51--Brooks,  NYS 
Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Davenport  Center,  Town  of  Davenport 
Smith  &  Brooks  obs  17  Aug  54 
Vic  of  Downsville,  Town  of  Colchester 
KLB  obs  30  May  74 
Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

Greene  County 

Big  Hollow  [Maplecrest] ,  Town  of  Windham 
2328  Barnhart  [n.d.]--NY 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

Peck  [n.d.]--NYS;  S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  58,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J.  K.  Small  in  Torr.  Club  Bui. 

20:  46l,  1893. 

Haines  Falls,  Town  of  Hunter 
E.  Ro  Lippincott  Jul  31“  "NYS 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 

3  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  31  May  75 
Prattsville,  Town  of  Prattsville 
KLB  obs  4  Jul  75 

Sullivan  County 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 

KLB  obs  3  Jun  74 

2  1/2  mi  s  of  Claryville,  Town  of  Neversink 

KLB  obs  10  Jun  75 

Ulster  County 

Pine  Hill,  Town  of  Shandaken 

11439  E .  P.  Bicknell  Jun  1880--NYS 

(Continued  on  p j.  250 ) 


-242- 


Matteuccia  struthiopteris  (L.)  Todaro  Flora  of 

Ostrich  Fern  THE  CATSKILLS 

New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 

Griffins  Corners  [Fleischmanns ] ,  Town  of  Middletown 
J.  C.  Buchheister  in  Fern  Bui.  11:  15~l6,  1903. 

Arkville,  Town  of  Middletown 

F.  Mulford  Jul  03““BKL;  E.  N.  Harvey  [1905] -“NY;  P.  Wilson  17  Jul 
15--NY 

Stamford,  Town  of  Stamford 

P.  Dowell  in  Am.  Fern  Jour.  1:  12~l4,  1910. 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Hubbels  Cove,  Town  of  Roxbury 
963  E.  Whitney  2  Jun  30--NYS 
Gould  School,  Town  of  Hancock 

3497  E.  Whitney  12  Jun  33‘“NYS 
Walton,  Town  of  Walton 

4522  E.  Whitney  27  Jul  35““NYS 


243- 


Matteuccia  struthiopteris 


Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
665  Brooks  25  Jul  51 — NYS,  Brooks 
Fraser,  Town  of  Delhi 
Tll4  Brooks  l6  Apr  66 
Vic  of  Downsville,  Town  of  Colchester 
KLB  obs  30  May  74 
Vic  of  Hawleys,  Town  of  Hamden 
KLB  obs  28  Jul  74 
East  Meredith,  Town  of  Meredith 
KLB  obs  4  Jun  76 

Greene  County 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

Peck  1870  (Notes  2:  236);  S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5, 

1914 . 

3  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Jun  74 

3  mi  n  of  Halcott  Center,  Town  of  Halcott 

KLB  obs  31  May  75 
Vic  of  Jewett,  Town  of  Jewett 
KLB  obs  8  Jun  76 
Vic  of  Ashland,  Town  of  Ashland 
KLB  obs  8  Jun  76 

Schoharie  County 

S.  Gilboa  Station,  Town  of  Gilboa 
5837  P.  Dowell  9  Jul  09--BKL 

Sullivan  County 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 

KLB  obs  21  Jun  75 
Vic  of  Long  Eddy,  Town  of  Fremont 
KLB  &  Phil  Caswell  obs  14  Sep  78 

Ulster  County 

Phoenicia,  Town  of  Shanaaken 

J.  M.  MacFarlane  Jul-Aug  07““PENN 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294-300,  1917;  A.  H.  Graves 
quoting  0.  P.  Medsger  in  Torreya  27:  13“ l4,  1927. 

Headwaters  of  Rondout  Creek,  Town  of  Denning 
SJS  obs  5  Sep  58 
Dry  Brook,  Town  of  Hardenburgh 
KLB  obs  28  May  74 
Vic  of  Willow,  Town  of  Woodstock 
KLB  obs  26  May  76 


-244- 


Onoclea  sensibilis  L. 
Sensitive  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 

M.  Platt,  1840 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4 :  87,  1924. 

Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
Masonville,  Town  of  Masonville 

5113  E.  Whitney  19  Jun  36--NYS 
2  mi  s  of  Grand  Gorge,  Town  of  Roxbury 
Smith  &  Brooks  obs  12  May  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harper sfield,  Town  of  Kortright 

286  Brooks  23  Jun  51"~Brooks,  NYS ;  549  Brooks  21  Jul  51“~Brooks ,  NYS 
Point  Mt,  near  Cadosia,  Town  of  Hancock 
SJS  obs  17  Jun  54 

Mt  Utsayantha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

W.  Harpersfield,  Town  of  Harpersfield 
KLB  obs  3  Jul  54 


-245" 


Onoclea  sensibilis 


Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Davenport  Center,  Town  of  Davenport 
Smith  &  Brooks  obs  7  Aug  54 
Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 
Gregorytown,  Town  of  Colchester 
KLB  obs  3  Jul  71 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
BW9-09  &  BW9-15  Brooks  2  Oct  71 
Vic  of  Meridale,  Town  of  Meredith 
KLB  obs  7  Jul  73 

Vic  of  Fishs  Eddy,  Town  of  Hancock 
KLB  obs  8  Jul  73 

2  1/2  mi  n  by  e  of  Delancey,  Town  of  Hamden 

KLB  obs  14  Jul  73 
Vic  of  Launt  Pond,  Town  of  Walton 
KLB  obs  28  Jul  74 

3  mi  s  of  Deposit,  Town  of  Deposit 

KLB  obs  10  Aug  75 

7  mi  e  by  n  of  Deposit,  Town  of  Tompkins 
KLB  obs  10  Aug  75 

Vic  of  Sidney  Center,  Town  of  Sidney 
KLB  obs  6  Jul  76 

Greene  County 


Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr .  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J.  K.  Small  in  Torr. 

20:  464,  1893. 


Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 

KLB  obs  25  Jun  73 

4  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Sep  73 

3  mi  e  of  Jewett  Center,  Town  of  Jewett 

KLB  obs  10  Sep  74 

Vic  of  Prattsville,  Town  of  Prattsville 
KLB  obs  1  Jul  75 

2  mi  n  by  e  of  Ashland,  Town  of  Ashland 
KLB  obs  4  Jul  75 

2  mi  n  of  Windham,  Town  of  Windham 
KLB  obs  21  Jul  75 


Club  Bui. 


Schoharie  County 

Vic  of  Conesville,  Town  of  Conesville 
KLB  obs  1  Jul  75 


-246- 


Onoclea  sensibilis 


Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 

Sullivan  County 

Krom  Hollow,  n  of  Liberty,  Town  of  Liberty 
4554  E.  Whitney  29  Jul  35“"NYS 
E  side  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  7  Sep  56 

Vic  of  Willowemoc,  Town  of  Neversink 
A.  P.  Van  Gieson  Aug  73--MYS 
1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jrni  74 

4  mi  n  of  Callicoon  Center,  Town  of  Callicoon 
KLB  obs  21  Jun  75 

3  mi  n  of  Woodbourne,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

M.  F.  Miller  29  Jul  1898“ ~PEM 
Pantherkill  Valley,  Town  of  Shandaken 
J.  M.  MacFarlane  Jul-Aug  07~“PEWN 
Vic  of  Phoenicia,  Town  of  Shandaken 
J.  F.  MacFarlane  15  Aug  07”~PEWN 
Headwaters  of  Rondout  Creek,  Town  of  Denning 
SJS  obs  5  Sep  58 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
Vic  of  Hardenburgh,  Town  of  Hardenburgh 
KLB  obs  14  May  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 
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Poly-podium  vulgare  L. 

SSp.  virginianum  (L.)  Hult. 

Rock  Polypody 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Franklin,  Town  of  Franklin 

M.  Platt,  1840 
Hancock,  Tow.n  of  Hancock 

E.  G.  Knight  1874- -NY 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  Jul  05--NY,  PENH:  P.  Wilson  3  Jul  15  "NY 
N.  Franklin,  Town  of  Franklin 
G.  T.  Cleveland  1  Aug  07--NY 

Mt  Utsayantha ,  1  1/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 

N.  Taylor  3- 10  Jul  09--NY 

Bald  Hill,  vie  of  Stamford,  Town  of  Stamford 
5785  P.  Dowell  5  Jul  09'~BKL 
Andes,  Town  of  Andes 

A,  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
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Polypodiuin  vulgare  ssp.  virginianum 


Gould  School,  Town  of  Hancock 

3508  E.  Whitney  12  Jun  33""NYS 
Meridale,  Town  of  Meredith 

4461  E.  Whitney  26  Jul  35""NYS 
Vic  of  Youngs,  Town  of  Sidney 
5079  E.  Whitney  19  Jun  36--NYS 
2  mi  s  of  Grand  Gorge ,  Town  of  Roxbury 
9236  Smith  et  al.  12  May  51--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
522  Brooks  21  Jul  51" "Brooks,  NYS 
Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 
Gregorytown,  Town  of  Colchester 
KLB  obs  3  Jul  71 

Gregory  Hollow  Rd,  4  mi  s  by  e  of  Delancey,  Town  of  Hamden 
KLB  obs  11  May  75 

Greene  County 

Catskill  Mt  House,  Otis  Summit,  Town  of  Hunter 
Mrs.  Chas.  Beach  [n.d.]-~St.  Lawrence 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  Sep  I89I  at  2100  ft--NY;  J.  K.  Small  in  Torr.  Club  Bui. 
20:  458,  1893;  2324  Barnhart  11  Aug  1897" "NY 
Windham,  Town  of  Windham 

929  N.  Taylor  28- 31  Jul  09  at  1700  ft- -NY 
Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1~5,  1914. 

Haines  Falls,  Town  of  Hunter 

F.  W.  Kolbe  26  Aug  21- -NY;  E.  R.  Lippincott  Jul  31--NYS 
Kaaterskill  Falls,  Town  of  Hunter 

12139  S.  J.  Smith  &  Ogden  l6  Sep  52--NYS 
Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 

Schoharie  County 

Vic  of  West  Conesville,  Town  of  Conesville 
KLB  obs  1  Jul  75 

Sullivan  County 

L  Shandelee,  Town  of  Callicoon 
P.  Wilson  8  Aug  18- -NY 

Dalilia  School,  nw  of  Liberty,  Town  of  Liberty 
4652  E.  Whitney  31  Jul  35""NYS 
ne  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  20-22  Jun  56 
Beaverkill  Campsite,  Town  of  Rockland 
KLB  obs  3  Jun  74 
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Polypodium  vulgare  ssp.  virginianum 


Ulster  County 

Shandaken,  Town  of  Shandaken 

58  Miller  4  Jul  01--NYS;  59  Miller  30  Aug  01--NYS;  60  Miller  8  Aug 
02--NYS;  C.  Willis  30  Jul  01- -NY 
Pantherkill  Valley,  Town  of  Shandaken 
J.  M.  MacFarlane  l6  Aug  07““NYS 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17:  294-300,  1917;  E.  J.  Alex¬ 
ander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Peekamoose,  Town  of  Denning 

2031  M.  Domville  10  Jul  73“ “Domville 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 


Gvmnocarnium  dryopteris  (continued  from  p.  242) 

Shandaken,  Town  of  Shandaken 

M.  F.  Miller  2  Jul  1898-- PENN;  202  M.  F.  Miller  10  Jun  1900--NYS 
Wagon  Wheel  Gap,  e  slope  of  High  Point,  Town  of  Olive 
R.  H.  Torrey  in  Torreya  31:  123,  1931* 

Phoenicia,  Town  of  Shandaken 

3462  E.  Whitney  10  Jun  33~NYS 
Peekamoose,  Town  of  Denning 

104l  M.  Domville  12  Jul  71- -Domville 
2  mi  e  of  Turnwood,  Town  of  Hardenburgh 
KLB  obs  31  May  76 
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Polystichum  acrostichoides  (Michx.)  Schott 
Christmas  Fern 


Flora  of 

THE  CATSKILLS 
New  York  Sfafe 


Delaware  County 

Arkville,  Town  of  Middletown 
E.  N.  Harvey  [l905]__NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 
DeEhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
Roxbury,  Town  of  Roxbury 

3452  E.  Whitney  9  Jun  33"-NYS 
Gould  School,  Town  of  Hancock 

3500  E.  Whitney  12  Jun  33""NYS 
Downsville,  Town  of  Colchester 

3512  E.  Whitney  12  Jun  33"-NYS 
Robinson  L,  w  of  Delhi,  Town  of  Delhi 
4483  &  4484  E.  Whitney  26  Jul  35--NYS 
Walton,  Town  of  Walton 

4514  E.  Whitney  27  Jul  35~-RYS 
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Polystichum  acrostichoides 


Youngs,  Town  of  Sidney 

5067  E.  Whitney  19  Jun  36--NYS 
E.  Masonville,  Town  of  Masonville 
5093  E.  Whitney  19  Jun  36--NYS 
Bullet  Hollow  Rd,  5  mi  nw  of  Andes,  Town  of  Delhi 
375  Brooks  26  Jun  51--Brooks,  NYS 
Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
443  Brooks  8  Jul  51““NYS;  2744  Brooks  30  May  54- -Brooks,  NYS 
Mt  Utsayantha,  1  1/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KLB  obs  3  Jul  54 

Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersfield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 
Delancey,  Town  of  Hamden 
KLB  obs  7  Aug  71 
E.  Meredith,  Town  of  Meredith 
KLB  obs  1  Aug  75 

Vic  of  Chamberlain  Brook,  Town  of  Tompkins 
KLB  obs  31  Aug  75 

4  mi  sw  of  Trout  Creek,  Town  of  Deposit 
KLB  obs  7  Sep  75 

1/2  mi  e  of  Davenport,  Town  of  Davenport 
KLB  obs  30  Sep  75 

Storey  Place,  6  mi  se  of  Franklin,  Town  of  Franklin 
KLB  obs  20  Jun  76 


Greene  County 


Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail  at  2000  ft,  reported  by  J.  K.  Small  in  Torr. 

20:  464,  1893. 


Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 
Haines  Falls,  Town  of  Hunter 

E.  R.  Lippincott  Jul  31,  Jul  32,  Jul  33""NYS 
4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52 


2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

1  mi  s  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Jun  74 


Club  Bui. 


Sullivan  County 

Dalilia  School,  nw  of  Liberty,  Town  of  Liberty 
4650  E.  Whitney  31  Jul  35““EYS 
S  side  of  Rondout  Reservoir,  Town  of  Neversink 
SJS  obs  22  Jun  56 
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Polystichum  acristichoid.es 


1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74  ’ 

Vic  of  Obernburg,  Town  of  Fremont 
KLB  obs  21  Jun  75 

Ulster  County 

Shandaken,  Town  of  Shandaken 

M.  F.  Miller  Aug  I898--FEM 
Vic  of  Oliverea,  Town  of  Shandaken 

N.  Taylor  6-9  Sep  18  at  2000-2500  ft--BKL 
Phoenicia,  Town  of  Shandaken 

3461  E.  Whitney  10  Jun  33--NYS 
Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

E.  J.  Alexander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 
Headwaters  of  Rondout  Creek,  Town  of  Denning 
SJS  obs  12  Sep  59 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 
Trail  to  Balsam  Mt,  6  mi  s  by  e  of  Arkville,  Town  of  Hardenburgh 
KLB  obs  18  May  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 


-253“ 


Polys ti chum  braunii  (Spenner)  Fee 
ssp.  purshii  (Fern.)  Calder  & 
Braun's  Holly  Fern  Taylor 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Griffins  [Fleischmanns ] ,  Town  of  Middletown 
Peck  in  31st  Annual  Rept,  p.  53?  1879* 

Arkville,  Town  of  Middletown 

E.  N.  Harvey  [1905J--NY;  P.  Wilson  21  Jul  15--BKL 
Mt  Pakatakan,  vie  of  Margaretville,  Town  of  Middletown 

F.  Mulford  6  Sep  08--BKL  (a  colony  of  about  30  plants) 
s  of  Bagley  Brook,  5  mi  e  of  Delancey,  Town  of  Delhi 

IU39  Brooks  30  May  52- -Brooks,  NYS 

Cold  Spring  Hollow,  3  1/2  mi  s  by  e  of  Margaretville,  Town  of  Middletown 
5150  Brooks  28  Jul  73--NYS 

Greene  County 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

J.  H.  Redfield  [n.d.]— NY;  Peck  in  N.  Y.  State  Mus .  Rept.  24:  101, 
1872;  C.  Lown  Aug  l879“”NYS;  S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5? 
1914. 
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Polystichum  braunii  ssp.  purshii 


Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 

I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38,  1874. 

Bushnellsville  Clove  or  Deep  Hollow,  Town  of  Lexington 

Mary  &  Caroline  Redfield  15  Aug  l879“"NY  (also  reported  in  Bui.  Torr. 
Bot.  Club  6:  331,  1879.) 

Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 

11401  E.  P.  Bicknell  l4  Jun  1880--NYS;  S.  H.  Burnham  quoting  N.  Y. 
State  Mus.  Rept.  26:  89,  1874  in  Am.  Fern  Jour.  4:  l- 5,  1914;  44262 
S.  J.  Smith  15  May  69--NYS 
Lanesville,  Town  of  Hunter 

G.  Vanlngen  1887- -Rochester  Acad. 

Haines  Falls,  Town  of  Hunter 

E.  R.  Lippincott  Jul  31~“NYS 
Hunter  Mt,  Town  of  Hunter 

4597  H.  K.  Svenson  24  Aug  31~"BKL  (also  reported  in  Torreya  31:  155, 
1931.) 

Black  Dome,  Town  of  Jewett 

119  R.  McVaugh  20  Sep  32- -PENN 

Ulster  County 

Big  Indian,  Town  of  Shandaken 

Peck  in  N.  Y.  State  Mus.  Rept.  31:  53,  1879. 

Phoenicia,  Town  of  Shandaken 
C.  Arnold  Jul  1881--NYS 
Shandaken,  Town  of  Shandaken 

M.  F.  Miller  7  Oct  I899--PENN;  147  M.  F.  Miller  21  Aug  02--NYS 
Belle  Ayre  Mt,  Town  of  Shandaken 

J.  C.  Buchheister  30  Jul  1899  in  Am.  Fern  Jour.  4:  1,  1914. 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

F.  Mulford  1  Jun  01--BKL;  0.  P.  Medsger  in  Mem.  Torr.  Bot.  Club  17: 
294-300,  1917;  A.  H.  Graves  quoting  0.  P.  Medsger  in  Torreya  27:  13" 

l4,  1927. 

Pantherkill  Valley,  Town  of  Shandaken 
J.  M.  MacFarlane  [07]--NY 
Olive  Denning  Pass,  Town  of  Denning 
403  H.  Dunbar  12  Sep  54--NYS 
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Pteridium  aquilinum  (L.)  Kuhn 

ssp.  latiusculum  (Desv.)  Hult. 
Bracken 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 

M.  Platt,  1840 
Arkville,  Town  of  Middletown 

E.  N.  Harvey  [l905]-“NY;  P.  Wilson  [l915]““NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
Gould  School,  Town  of  Hancock 

3497  E.  Whitney  12  Jun  33““NYS 
Walton,  Town  of  Walton 

4522  E.  Whitney  27  Jul  35““NYS 
Vic  of  Grand  Gorge,  Town  of  Roxbury 
SJS  obs  19  Apr  51 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
311  Brooks  24  Jun  51“ “Brooks,  NYS 
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Pteridium  aquilinum  ssp.  latiusculum 

Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersf ield,  Town  of  Harpersfield 
KLB  obs  3  Jul  55 

S  of  Shinhopple,  Town  of  Colchester 
SJS  obs  10  Aug  55 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

Coe  Hill  Rd,  4  mi  sw  of  W.  Davenport,  Town  of  Davenport 
KLB  obs  7  Aug  71 

Delancey,  Town  of  Hamden 
KLB  obs  7  Aug  71 

Narrow  Notch  Rd,  6  mi  se  of  Hobart,  Town  of  Stamford 
KLB  obs  20  Aug  72 

Vic  of  Apex,  Town  of  Tompkins 
KLB  obs  8  Jul  73 

Warner  Hill  Rd,  3  mi  w  of  Meridale,  Town  of  Meredith 
KLB  obs  14  Jul  74 

Vic  of  Silver  L,  Town  of  Deposit 
KLB  obs  31  Aug  75 

Vic  of  Sidney  Center,  Town  of  Sidney 
KLB  obs  7  Sep  75 

2  mi  n  of  Trout  Creek,  Town  of  Masonville 
KLB  obs  7  Sep  75 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot .  Club  5:  38-39,  1874. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1_5,  1914. 

4  mi  e  of  Maplecrest,  Town  of  Windham 
SJS  obs  11  Oct  52 

Prattsville,  Town  of  Prattsville 
KLB  obs  19  Jun  73 

2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

4  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Sep  73 

2  mi  s  of  Jewett,  Town  of  Jewett 
KLB  obs  1  Jul  75 

2  mi  n  by  e  of  Ashland,  Town  of  Ashland 
KLB  obs  4  Jul  75 

Schoharie  County 

Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 


-257- 


Pteridium  aquilinum  ssp.  latiusculum 
Sullivan  County 


Livingston  Manor,  Town  of  Rockland 
E.  Dressel  15  Jul  44--CU 

Between  Jeffersonville  &  N.  Branch,  Town  of  Callicoon 
SJS  obs  20-22  Jun  56 

S  side  of  Rondout  Reservoir,  Town  of  Never sink 
SJS  obs  22  Jun  56 

Vic  of  Lakewood,  Town  of  Fremont 
KLB  obs  21  Jun  75 

Vic  of  Liberty,  Town  of  Liberty 
KLB  obs  28  Jul  75 

Vic  of  Loch  Sheldrake,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

Vic  of  Oliverea,  Town  of  Shandaken 
SJS  obs  9  Jun  5^ 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Wilson  State  Park,  3  mi  sw  of  Bearsville,  Town  of  Woodstock 
KLB  &  Mary  Domville  obs  26  Aug  72 

5  l/2  mi  se  of  Margaretville ,  Town  of  Hardenburgh 
KLB  obs  4  Sep  72 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 

Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 


-258- 


Thelypteris  hexagonoptera  (Michx.)  Weatherby 
Broad  Beech  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 

Franklin,  Town  of  Franklin 
M.  Platt,  1840 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour,  lb:  87,  1924. 

Greene  County 

Catskill  Mt  House,  Otis  Summit,  Town  of  Hunter 
Mrs.  Chas.  Beach  [n.d.]--St.  Lawrence 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 

I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38- 39  ,  1874. 
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Thelypteris  noveboracensis  (L.)  Nieuwl. 
New  York  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Gould  School,  Town  of  Hancock 

3496  E.  Whitney  12  Jun  33"NYS 
Robinson  L,  w  of  Delhi,  Town  of  Delhi 
4478  E.  Whitney  26  Jul  35"NYS 
Bear  Spring  Mt,  vie  of  Walton,  Town  of  Walton 
4520  E.  Whitney  27  Jul  35“-NYS 
E.  Masonville,  Town  of  Masonville 
5103  E.  Whitney  19  Jun  36--NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersf ield,  Town  of  Kortright 
539  Brooks  21  Jul  51__Brooks,  NYS 
Mt  Ut sayan tha,  1  l/2  mi  e  by  s  of  Stamford,  Town  of  Stamford 
KUB  obs  3  Jul  54 

Hoff  Farm,  2  1/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 
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Thelypteris  noveboracensis 


Margaretville ,  Town  of  Middletown 
KLB  obs  30  May  55 

Gunhouse  Hill,  1  mi  s  of  W.  Harpersf ield,  Town  of  Harpersfield 
KLB  obs  2  Jul  55 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

1  1/2  mi  e  of  Delancey,  Town  of  Hamden 

KLB  obs  15  Jun  75 

2  mi  s  of  E.  Meredith,  Town  of  Meredith 

KLB  obs  1  Aug  75 

4  mi  sw  of  Trout  Creek,  Town  of  Deposit 
KLB  obs  7  Sep  75 

1/2  mi  s  of  Davenport,  Town  of  Davenport 
KLB  obs  30  Sep  75 

Campone  Place,  1  mi  e  of  Vega,  Town  of  Roxbury 
KLB  obs  31  Jul  76 
Vic  of  Apex,  Town  of  Tompkins 

KLB,  Kathy  Emerson,  &  Phil  Caswell  obs  30  Aug  78 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1874. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail,  reported  by  J.  K.  Small  in  Torr.  Club  Bui.  20:  463, 
1893. 

Big  Hollow  [Maplecrest ] ,  Town  of  Windham 
2337  Barnhart  11  Aug  1897--NY 
Dibble  Mt, 

W.  L.  Bray  Jul  l4--Syracuse 
2  mi  n  of  Halcott  Center,  Town  of  Halcott 
KLB  obs  25  Jun  73 

4  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Sep  73 
Vic  of  Jewett,  Town  of  Jewett 
KLB  obs  13  Sep  73 

Schoharie  County 

Vic  of  S.  Gilboa,  Town  of  Gilboa 
KLB  obs  22  Sep  75 

Sullivan  County 

Fox  Mt,  vie  of  Liberty,  Town  of  Liberty 

934  E.  Whitney  31  May  30--NYS 
Vic  of  Liberty,  Town  of  Liberty 

935  E  Whitney  31  May  30--NYS;  4617  E.  Whitney  30  Jul  35— NYS 
Fir  Brook  Swamp,  vie  of  Willowemoc,  Town  of  Never sink 

SJS  obs  10  May  50 
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Thelypteris  noveboracensis 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

3  mi  s  by  w  of  Livingston  Manor,  Town  of  Callicoon 
KLB  obs  15  Jun  76 

Vic  of  Tennanah  L,  Town  of  Fremont 
KLB  obs  19  Jul  76 

Vic  of  Loch  Sheldrake,  Town  of  Fallsburg 
KLB  obs  2  Aug  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Jas.  D.  Lowe  29  Jul  I898--FENN 

Woodland  Valley,  4  mi  e  of  Phoenicia,  Town  of  Shandaken 

E.  J.  Alexander  in  Jour.  N.  Y.  Bot.  Gard.  37:  42-46,  1936. 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Vic  of  Willow,  Town  of  Woodstock 

106l  M.  Domville  10  Aug  70- -Domville 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 

Dry  Brook,  Town  of  Hardenburgh 
KLB  obs  28  May  74 

Vic  of  Frost  Valley  Camp,  Town  of  Denning 
KLB  obs  11  Jun  74 

3  mi  nw  of  Tabasco,  Town  of  Rochester 
KLB  &  Paul  Huth  obs  19  Aug  76 
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Thelypteris  palustris  Schott 

ssp.  pubescens  (Lawson)  Holub. 
Marsh  Fern 


Flora  of 

THE  CATSKILLS 
New  York  State 


Delaware  County 


Franklin,  Town  of  Franklin 
M.  Platt,  l84o 

Griffins  Corners  [Fleischmanns ] ,  Town  of  Middletown 
J.  C.  Buchheister  in  Fern  Bui.  11:  15~l6,  1903* 

Arkville,  Town  of  Middletown 
E.  N.  Harvey  [l905]~_NY 
Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  l4:  87,  1924. 

Roxbury,  Town  of  Roxbury 

3450  E.  Whitney  9  Jun  33“-NYS 

Brookdale  Farm,  3  mi  s  by  w  of  W.  Harpersfield,  Town  of  Kortright 
65O  Brooks  24  Jul  51“"Brooks,  NYS 
Point  Mt,  near  Cadosia,  Town  of  Hancock 
SJS  obs  17  Jun  54 

Hoff  Farm,  2  l/4  mi  nw  of  Bovina  Center,  Town  of  Bovina 
KLB  obs  14  Jul  54 
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Thelypteris  palustris  ssp.  pubescens 

Davenport  Center,  Town  of  Davenport 
Smith  &  Brooks  obs  7  Aug  54 

Merrill  Farm,  2  mi  s  of  Treadwell,  Town  of  Franklin 
KLB  obs  10  Jul  59 

4  mi  se  of  Downsville,  Town  of  Colchester 
KLB  obs  12  Jun  73 

Strauss  Farm,  4  l/2  mi  ne  of  Walton,  Town  of  Walton 
KLB  obs  26  Aug  74 

Greene  County 

Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1874. 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1~5,  1914. 

Haines  Falls,  Town  of  Hunter 
F.  W.  Kobbe  22  Aug  25" "NY 

3  mi  e  of  West  Kill,  Town  of  Lexington 
KLB  obs  13  Jun  74 

Vic  of  Beaches  Corners,  Town  of  Jewett 
KLB  obs  4  Jul  75 

2  mi  n  of  Windham,  Town  of  Windham 
KLB  obs  21  Jul  75 

Schoharie  County 


Vic  of  W.  Conesville,  Town  of  Conesville 
KLB  obs  8  Jun  76 

Sullivan  County 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

Vic  of  Grahamsville ,  Town  of  Neversink 
KLB  &  Paul  Huth  obs  19  Aug  76 

Ulster  County 

Shandaken,  Town  of  Shandaken 

Jas.  D.  Lowe  29  Jul  I898--PEM 

South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 

Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 

Friedberg  Place,  1  mi  sw  of  Boiceville,  Town  of  Olive 
KLB  &  Claire  Friedberg  obs  18  Jul  73 

Nedwidek  Place,  4  mi  sw  of  Winnisook,  Town  of  Denning 
KLB  obs  25  Jun  75 
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Thelypteris  phegopteris  (L.)  Slosson 
Narrow  Beech  Fern 


Vic  of  Stamford,  Town  of  Stamford 

5763  P.  Dowell  4  Jul  09--BKL  (also  reported  in  Am.  Fern  Jour.  1:  12- 
13,  1910.) 

Andes,  Town  of  Andes 

A.  M.  Taylor  in  Am.  Fern  Jour.  14:  87,  1924. 

Delhi,  Town  of  Delhi 

N.  Hotchkiss  obs  10  May  27 
Gould  School,  Town  of  Hancock 

3509  E.  Whitney  12  Jun  33--NYS 
Wilson  Hollow,  vie  of  Colchester,  Town  of  Walton 
4533  E.  Whitney  27  Jul  35' “NYS 
Youngs,  Town  of  Sidney 

5073  E.  Whitney  19  Jun  36--NYS 
Bullet  Hollow  Rd,  4  l/2  mi  nw  of  Andes,  Town  of  Delhi 
1943  Brooks  17  Aug  52 -“Brooks,  NYS 
Watauga  Falls,  2  mi  n  by  e  of  Delhi,  Town  of  Delhi 
3095  Brooks  11  Jul  54- "NYS 
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Thelypteris  phegopteris 


Farmers  Hill,  3  mi  e  by  s  of  Andes,  Town  of  Andes 
3736  Brooks  18  Jun  55""NYS 

Rosa  Farm,  1  mi  s  of  Margaretville ,  Town  of  Middletown 
4718  Brooks  13  Aug  66--NYS 
Vic  of  Downsville,  Town  of  Colchester 
KLB  obs  30  May  74 

Greene  County 

Catskill  Mt  House,  Otis  Summit,  Town  of  Hunter 
Mrs.  Chas.  Beach  [n.d.]--St.  Lawrence 
Clove  Ravine,  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1874. 

Lanesville,  Town  of  Hunter 

G.  Vanlngen  Jul  1885- -Rochester  Acad. 

Onteora,  Town  of  Hunter 

Anna  M.  Vail,  reported  by  J.  K.  Small  in  Torr.  Club  Bui.  20:  462, 
1893. 

Kaaterskill  Falls,  Town  of  Hunter 

R.  Ringe  5  Sep  1899" “Buffalo 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

Haines  Falls,  Town  of  Hunter 

F.  W.  Kobbe  in  Am.  Fern  Jour.  l6:  29" 31,  1926;  E.  R.  Lippincott  Jul 
31--NY 

Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 
SJS  obs  15  Jun  56 

Sullivan  County 

Vic  of  Claryville,  Town  of  Neversink 
S.  P.  Van  Gieson  I879--NYS 
Vic  of  Liberty,  Town  of  Liberty 
4628  E.  Whitney  30  Jul  35""NYS 
Between  Jeffersonville  &  N.  Branch,  Town  of  Callicoon 
SJS  obs  20-22  Jun  56 
E  side  of  Long  Eddy,  Town  of  Fremont 
SJS  obs  7  Sep  56 

1  mi  sw  of  Lew  Beach,  Town  of  Rockland 
KLB  obs  3  Jun  74 

Ulster  County 

Turnwood,  Town  of  Hardenburgh 

H.  H.  Rusby  11  Aug  189I--NY 
Bushnellsville ,  Town  of  Shandaken 

M.  F.  Miller  3  Aug  I898--FENN 
Shandaken,  Town  of  Shandaken 

197  M.  F.  Miller  l4  Jul  03""NYS 
Phoenicia,  Town  of  Shandaken 

4628  E.  Whitney  30  Jul  35""NYS 
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Thelypteris  phegopteris 


Vic  of  Woodland  [Valley],  4  mi  e  of  Phoenicia,  Town  of  Shandaken 
6811  S.  J.  Smith  &  Boscom  l6  Jun  50--NYS 
South  Hill  Rd,  n  of  Ulster  Heights,  Town  of  Warwarsing 
KLB  &  Mary  Domville  obs  11  Jul  70 
Overlook  Mt,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
Peekamoose,  Town  of  Denning 

1045  M.  Domville  12  Jul  71“ “Domville 
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Woodsia  glabella  R.  Br. 
Smooth  Woodsia 
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Greene  County 

Vic  of  Haines  Falls,  Town  of  Hunter 

B.  D.  Gilbert  citing  Peck  in  Fern  Bui.  11:  97“ 105,  1903;  F.  W.  Kobbe 
I925--NYS  (also  reported  in  Am.  Fern  Jour.  l6:  29,  1926);  G.  R.  Proctor 
in  Rhodora  U9 :  53~5^,  19^-7  (specimen  deposited  in  Phil.);  SJS  obs  7 
Sep  57  &  21  Jul  62 
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Woodsia  ilvensis  (L. )  R.  Br. 
Rusty  Woodsia 


Flora  of 

THE  CATSKILLS 
New  York  Skate 


Greene  County 

Clove  Ravine 5  vie  of  Haines  Falls,  Town  of  Hunter 
I.  H.  Hall  in  Bui.  Torr.  Bot.  Club  5:  38-39,  1874. 

Plattekill  Cove,  Town  of  Hunter 

Anna  M.  Vail  at  1800  ft- -NY  (also  reported  by  J.  K.  Small  in  Torr. 
Club  Bui.  20:  465,  1893-) 

Stony  Clove,  vie  of  Hunter,  Town  of  Hunter 

S.  H.  Burnham  in  Am.  Fern  Jour.  4:  1-5,  1914. 

Windham  High  Peak,  Town  of  Windham 

H.  K.  Svenson  obs  25  Aug  31  in  Torreya  31:  154-157,  1931. 
Kaaterskill  Gorge,  Town  of  Hunter 

11287  S.  J.  Smith  &  Cooley  28  May  52--NYS 

Ulster  County 

Headwaters  of  Rondout  Creek,  Town  of  Denning 
26113  S .  J.  Smith  et  al.  5  Sep  58--NYS 
Overlook  Mt ,  Town  of  Woodstock 

KLB  &  Mary  Domville  obs  12  Jul  70 
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Woodsia  obtusa  (Spreng.)  Torr. 
Blunt-lobed  Woodsia 


Flora  of 

THE  CATSKILLS  . 
New  York  State 


Greene  County 


Deep  Notch,  vie  of  West  Kill,  Town  of  Lexington 

S.  H.  Burnham  quoting  N.  Y.  State  Mus  Rept.  26:  89,  1874  in  Am.  Fern 
Jour.  4:  1-5,  1914. 
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ADDENDA 


After  camera  copy  for  this  volume  had  been  prepared,  several 
records  turned  up  concerning  the  elevation  at  -which  several  species  had 
either  been  collected  or  observed.  While  not  of  major  concern,  perhaps, 
they  seemed  of  sufficient  interest  to  the  writer  to  be  included: 

Lycopodium  annotinum  ssp.  annotinum 

Collected  at  3800  feet  in  Greene  County. 

L.  clavatum 

Observed  above  3000  feet  in  Greene  County. 

L.  complanatum  ssp.  flabelliforme 

Observed  above  3000  feet  in  Greene  County. 

L.  inundatum 

Collected  at  2000  feet  in  Ulster  County. 

L.  obscurum 

Collected  at  4100  feet  in  Ulster  County 

Botrychium  matricariaefolium 

Collected  at  2500  feet  in  Greene  County 

B.  multifidum  ssp.  multifidum 

Collected  at  2000  feet  in  Greene  County. 

Osmunda  regalis  var.  spectabilis 

Collected  at  2000  feet  in  Greene  County. 
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Underscored  figures  represent  pages  where  illustrations  are 
located. 


Abbreviations,  21 
Adder  * s- tongue ,  ?4,  74,  193 
family,  64 
Adiantum,  84 

pedatum,  85,  32?  201 
Appendix,  discussion  of,  20 
Asplenium,  86 

platyneuron,  87,  88,  203 
rhizophyllum,  88,  89,  204 
trichomanes,  89,  32?  206 
Athyrium,  91 

filix-femina,  91?  32?  207 
pycnocarpon,  93?  3k?  210 
thelypteroides ,  93?  95 ,  212 

Beech  Fern,  135 

Broad,  135?  126?  259 
Narrow,  139,  l4o.  265 
Bladder  Fern,  98 

Bulblet ,  100,  101,  216 
Tennessee,  102,  103,  219 
Bog  Clubmoss,  48,  48,  170 
Botrychium,  64 

dissectum,  65,  66?  182 
lanceolatum,  67?  68,  183 
matricariae folium,  67?  68,  185 
multifidum  ssp.  multifidum,  69? 

62?  187 

multifidum  ssp.  silaifolium,  70, 

.10,  188 

x  oneidense,  71?  71,  189 
simplex,  72?  72,  190 
virginianum,  72,  73.  191 
Bracken,  129?  131.  256 
Brake,  Slender  Cliff,  98?  99.  215 
Braun's  Holly  Fern,  128.  129?  254 
Bristly  Clubmoss?  4l,  4l,  42,  43. 

162?  164  ~ . * 

Broad  Beech  Fern,  135?  136.  259 
Bulblet  Bladder  Fern,  100,  101,  216 

Catskills,  1,  3. 

Che i lan the s,  96 

lanosa,  96,  33,  214 
Christmas  Fern?  126,  127,  251 
Cinnamon  Fern,  77,  rjQ,  194 


Cliff  Brake,  Slender,  98,  32?  215 
Climbing  Fern,  8l,  82,  200 
Clubmoss 

Bog,  48,  48,  170 

Bristly,  4l,  4l,  43,  162,  164 

family,  39 
Fir?  53?  23,  177 
Savin- leaved,  52?  2£?  176 
Shining,  49,  30,  171 
Staghorn,  43,  hi,  165 
Tree,  49?  21?  173 
Cryptogramma ,  98 

stelleri,  98?  32?  215 
Curly-grass  family,  80 
Cut- leaved  Grape  Fern,  65?  66, 

182 

Cystopteris,  98 

bulbifera,  100,  101,  216 
fragilis?  100,  102,  217 
x  tennesseensis,  102?  1Q3 
219 

Dennstaedtia?  104 

punctilobula,  104,  105 ,  220 
Dryopteris,  104 

x  boottii?  107?  I08,  223 
clintoniana,  108,  110?  224 
cristata?  109,  110,  225 
fragrans,  110,  111.  227 
goldiana,  111,  112,  228 
marginalis,  113 .  114,  230 
spinulosa  ssp.  dilatata,  114, 
112.?  233 

spinulosa  ssp.  intermedia?  116? 
'  HZ?  235 

spinulosa  ssp.  spinulosa,  116, 
118.  238 

Dwarf  Grape  Fern,  72?  J2,  190 

Ebony  Spleenwort,  8 1,  88,  203 
Equisetaceae ,  27 
Equisetales,  27 
Equisetum,  27 

arvense?  29?  31?  155 
fluviatile,  32,  33?  157 
hyemale?  34?  32?  158 
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Equisetum  (continued) 

x  litorale,  36,  365  159 
sylvaticum,  37,  31,  l60 
Eufilicales,  76 

Family 

Adder ’ s-tongue ,  64 
Clubmoss,  39 
Curly-grass,  80 
Horsetail,  27 
Polypody,  82 
Quillwort,  58 
Royal  Fern,  76 
Selaginella,  56 
Fern(s),  60 
Beech,  135 
Bladder,  98 

Braun's  Holly,  128,  129,  254 
Broad  Beech,  135,  136,  259 
Bulblet  Bladder,  100,  101,  216 
Christmas,  126,  127 ,  251 
Cinnamon,  77,  38,  194 
Climbing,  8l,  82,  200 
Fragile,  100,  102,  217 
Hay-scented,  104,  105 ,  220 
Holly,  126 

Interrupted,  77,  78,  196 
Lady,  91,  32,  207 
Lip,  96 

Maidenhair,  85,  83,  201 
Marsh,  138,  139,  263 
Narrow  Beech,  139,  l40,  265 
New  York,  136,  137.  260 
Oak,  118,  119,  24l 
Ostrich,  119,  120,  243 
Rattlesnake,  72,  13,  191 
Royal,  79,  12,  198  ' 

Sensitive,  122,  123,  245 
Tennessee  Bulblet  Bladder,  102, 
103,  219 

Walking,  88,  89.  204 
Wood,  104  ff. 

Woolly  Lip,  96,  31,  21b 
Field  Horsetail,  29,  31,  155 
Fir  Clubmoss,  53,  33,  177 
Fragile  Fern,  100,  102,  217 

General  characteristics  of  the 
Catskill  flora,  13 
Glaciation  of  the  Catskills,  4 
Grape  Fern,  64 

Cut- leaved,  65,  66,  182 
Dwarf,  72,  12,  190 
Lance- leaved,  67,  68,  183 


Grape  Fern  (continued) 

Leathery,  69,  6 3,  70,  70, 

187,  188 

Matricary,  67,  68,  185 
Oneida,  71,  II,  189 
Ground- cedar ,  54,  3b,  178 
Ground-pine,  Trailing,  46,  4l,  167 
Gymnocarpium,  119 

dryopteris,  118,  119,  24l 

Hay- scented  Fern,  104,  105 .  220 

Holly  Fern,  126 

Horsetail 

family,  27 
Field,  29,  31,  155 
Shore,  36,  36,  159 
Water,  32,  33,  157 
Wood,  37,  31,  160 

Illustrations  and  keys,  8 
Interrupted  Fern,  77,  Z8,  196 
Isoetaceae,  58 
Isoetales,  58 
Isoetes,  58 

macrospora,  59,  33,  l8l 

Lady  Fern,  91,  31,  207 
Lake  Quillwort,  59?  33,  l8l 
Lance-leaved  Grape  Fern,  67,  68, 
183 

Leathery  Grape  Fern,  69,  62,  70, 

10,  187,  188 

Lip  Fern,  96 
Lycopodia ceae,  39 
Lycopodiales,  39 
Lycopodium,  39 

annotinum  ssp.  annotinum,  4l, 
4l,  162 

annotinum  ssp.  pungens,  42,  43, 
164 

clavatum,  43,  4 3,  165 
complanatum,  46,  4l,  167 
inundatum,  48,  48,  170 
lucidulum,  49,  33,  171 
obscurum,  49,  51,  173 
sabinaefolium,  52,  52, 

176 

selago,  53,  33,  177 
tristachyum,  54,  3k,  178 
Lygodium,  8l 

palmatum,  8l,  82,  200 


Maidenhair  Fern,  85,  85 ,  201 
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Maidenhair  Spleenwort,  89,  90, 
206 

Marsh  Fern,  138,  139?  263 
Matricary  Grape  Fern,  67,  68, 

185 

Matteuecia,  119 

struthiopteris,  119,  120,  243 

Narrow  Beech  Fern,  139?  l40,  265 
New  York  Fern,  136,  137 ,  260 

Oak  Fern,  118,  119,  24l 
Oneida  Grape  Fern,  71,  H,  189 
Onoclea,  122 

sensibilis,  122,  123,  245 
Ophioglossaceae ,  64 
Ophioglossales ,  64 
Ophioglossum,  73 

vulgatum,  74,  jkf  193 
Organization  and  scope,  6 
Osmunda,  76 

cinnamomea,  77,  18,  194 
claytoniana,  77,  78,  196 
regalis,  79,  13,  198 
Osmundaceae,  76 
Ostrich  Fern,  119,  120,  243 

Plant  biographies,  discussion  of, 

9 

Platt  list,  10 
Polypodiaceae,  the  Polypody 
family,  82 
Polypodium,  123 

vulgare,  124,  125 .  248 
Polypody 

family,  82 
Rock,  124,  125.5  248 
Polystichum,  126 

acrostichoides,  126,  127,  251 
braunii,  128,  129,  254 
Pteridium,  129 

aquilinum,  129,  131.  256 
Pteridophyta,  25 

Quillwort 
family,  58 
Lake,  59,  22,  l8l 

Rare  and  endangered  plants,  19 
Rattlesnake  Fern,  72,  73 ,  191 
Records,  other,  11 
Rock  Brake ,  98 

Rock  Polypody,  124,  125.  248 


Royal  Fern,  79,  13,  198 
Rush,  Winter  Scouring,  34,  35 , 

158 

Savin- leaved  Clubmoss,  52,  52 , 

176 

Schizaeaceae ,  the  Curly-grass 
family,  80 

Scouring  Rush,  Winter,  34,  35 . 

158 

Selaginella,  56 
family,  56 

rupestris,  57,  21,  180 
Selaginellaceae,  the  Selaginella 
family,  56 
Selaginellales ,  56 
Sensitive  Fern,  122.  123,  245 
Shining  Clubmoss,  49,  50.  171 
Shore  Horsetail,  36,  36,  159 
Silvery  Spleenwort,  93,  2h.>  210 
Spike-moss,  57,  21,  180 
Spleenwort,  86,  91 
Ebony,  87,  88,  203 
Maidenhair,  89,  33>  206 
Narrow- leaved,  93,  .24 5  210 
Silvery,  93,  22,  212 
Staghorn  Clubmoss,  43,  45,  165 

Technical  terms,  22 
Tennessee  Bulblet  Bladder  Fern, 
102,  105,  219 
Thelypteris,  135 

hexagonoptera,  135,  136,  259 
noveboracensis ,  136,  137.  260 
palustris,  138.  139,  263 
phegopteris,  139,  l4o.  265 
Trailing  Ground-pine,  46,  J+Z,  167 
Tree  Clubmoss,  49,  21,  173 

Walking  Fern,  88,  QQ,  204 
Water  Horsetail,  32,  33,  157 
Widespread  plants  of  the  Cats¬ 
kills  ,  l6 

Winter  Scouring  Rush,  34,  32)  158 
Wood  Fern,  104 

Boott's,  107,  108,  223 
Clinton's,  108.  110,  224 
Crested,  100.  110,  225 
Evergreen,  ll6,  117.  235 
Fragrant,  110,  111.  227 
Goldie's,  111,  112,  228 
Marginal,  113.  Il4,  230 
Mountain,  ll4,  115 .  233 
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Wood  Fern  (continued) 

Spinulose,  116,  118,  238 
Wood  Horsetail,  37,  l6o 
Woodsia,  l4l 

Blunt- lobed,  143,  l44,  270 
glabella,  l4l,  l42,  268 
ilvensis,  142,  143,  269 
obtusa,  143,  144,  270 
Rusty,  142,  143,  269 
Smooth,  l4l,  142,  268 
Woolly  Lip  Fern,  96,  2±,  214 
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CROSS  SECTIONS  OF  THE  HERKIMER  FORMATION 

(Upper  Silurian) 

of  the 

Subsurface  of  Central  New  York  State 

by  Kathie  J.  Beinkafner 


EXPLANATION 


Shale 
Dolostone 

Limestone 

Siltstone 
Sandstone 
Coarse  Sandstone 
Hematite 
Pyrite 

Permit  number 
Finch  Lease  name 
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